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Shlokas for Invoking River Goddess 


THT a ays aa Tiara axa | 
ae Rig wrahe ase Uae $e || Sri Bruhannardiya Puran 


Meaning: O rivers Ganga, Yamuna, Godavari, Saraswati, Narmada, Sindhu and Kaveri, 


please enrich the water I am bathing with, with your presence. 


th Riel Peeaia T APA Marah ear | 
Ora Mey AeA aHvat seer | 
feo daach Hera Aa GAT TSH | 
Gon: Quist: WyRaeM: Hdeg A ATA | 


Meaning: May rivers Ganga, Sindhu, Saraswati, Yamuna, Godavari, Narmada, Kaveri, 
Sharyu, Mahendratanaya, Chambala, Vedika, Kshipra, Vetravati (a rivulet), chiefly the 
Mahasurnadi, Jaya and Gandaki become sacred and absolute, and along with the sea, 


shower benevolence on me. 


Tae TH a Urata BERG Feakeansary | 
Ufed a fed o cake AG UaaRu Gal ARTO | 


Meaning: O Mother Ganga, the bestower of all worldly happiness, pleasures and Moksha 
as per the different levels of bhav of the worshipper, all Deities and demons worship your 


Holy feet, I too offer obeisance at your Holy feet. 


Preface to the Second Edition 


For human beings, water is not merely a substance that sustains life. Water management is an 
elemental ingredient in the way people conceive the world and an expression of their thoughts 
and emotions. Hydrologic knowledge in India has a historical footprint of several millenniums. 
As in many ancient civilisations across the world, the need to manage and use water drove the 
growth of hydrology in ancient India also. Evidences from ancient history provide an insight into 
the hydrological knowledge generated by Indians more than 5000 years ago. What is less known, 
however, is the rigorous discussion on several aspects of hydrologic processes in the ancient 
Indian scriptures as we understand them today. 


This report reveals that the knowledge of hydrology was pervasive in ancient India starting from 
pre- Indus Valley Civilization days and has been discussed in-depth in Vedas, Puranas, 
Arthasastra, Astadhyayi, Vrhat Samhita, Ramayana, Mahabharat, Meghmala, Mayurchitraka, 
Jain and Buddhist and many other ancient literatures. However, it had remained unearthed and 
unexplored in front of the world at large till the recent times. This report, like its predecessor, is 
a sincere effort to present the ancient Indian hydrologic knowledge to the Indian and the world 
community. The report has a special importance, particularly in an era of population growth, 
environmental degradation and climate change leading to increasing hydrological extremes and 
stresses. The climate change phenomenon would also have greater impacts on water and food 
security. At the same time, the competition among various water sectors is increasing and thus 
requiring a larger emphasis on water resources management to achieve the goals of sustainable 
development (SDGs). The ancient water technologies discussed in this book should be 
considered not merely as historical artefacts, but as potential tools for sustainable water 
technologies for the present and the future. 


While updating the report, a number of recent national as well as international research papers 
and technical book published by various national and international institutions have been 
referred. Figures illustrating various concepts, hydrological processes and water engineering 
techniques have also been included to clarify the concepts and help forming clear mental image 
of the developments. While revising, the title of the report has been slightly changed from 
“Hydrology in Ancient India” to “Hydrologic Knowledge in Ancient India”. I compliment the 
authors of the first edition of the report for their vision and efforts. I thank Dr. Suhas Khobragade, 
Scientist-F; Dr. P. K. Singh, Scientist-D; Dr. A. K. Lohani, Scientist-G; Md. Furqan Ullah, 
ALIO; and Mrs. Charu Pandey, LIA for their sincere efforts to update the report. In this report, 
material from various sources has been compiled. The sources and their contributors are duly 
and thankfully acknowledged. 


A softcopy of the report and more information about the institute is available at 
www.nihroorkee. gov.in. 


t 


nnn 
(Sharad K Jain) 


Roorkee, Dec. 01, 2018 Director 


Preface to the First Edition 


While making a reconnaissance of ancient Indian 
literature it was found that it contains a gold mine of 
knowledge in hydrology. This encouraged the Institute to 
attempt a thorough study of various available ancient 
literature tic arrive at a document compiling the wealth 
of hydrological treasures hidden in Indian literature. 
The report attempts at compiling information on various 


component processes of hydrology and their interaction. 


While carrying out the studies on hydrological 
information in ancient Indian literature, it was heartening 
and revealing to note that the hydrological concepts which 
are coming to be discovered & invented in last 3 centuries 
were known and well documented in ancient Indian literature 


even as early as 3000 B.C. 


Like other sciences, the science of water also was 
well developed in ancient India. It is regrettable that 
at present sufficient attention and respect is not being 

paid to our ancient Indian sciences. This is because some 
how, we have developed a notion that ancient Indian 
sciences have lost all their utility in the face of modern 
sciences, which have developed so much to their present 
position. But this concept of ours will prove false if 
one tries to realize the real merits of the ancient Indian 
sciences. It is. expecteq that present report will be able 


to porove this thing in the area of hydrology. 


The attempted study reveals that the field of 
hydrologic-cum-indological investigation remained totally 
unearthed and unexplored. This sort of report exploring 
the knowledge of hydrology as contained in the ancient 
Indian literature had become a crying need of the day, 
specially when hydrology has come to occupy its rightful 
place in India in the modern era. I am sure that if the 
ancient Indian hydrology is revived and brought’ to 
practical use it will prove of much benefit to the India 


in particular and to mankind as a whole. 


This valuable document has Eeen prepared by Shri 


T.M. Tripathi, Scientist 'B' and other scientists 


and staff 
of the Institute. A number of 


consulted however 


libraries of the country were 


special mention needs to be 


made of 
libraries of Gurukul 


Kangari University, 


Haridwar and 
Sampurnanand Sanskrit University, 


Varanasi. 


= ok. Chee Ss. 


( SATISH CHANDRA ) 
DIRECTOR 


Dated: Sept.7, 1990 
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SUMMARY 


Our existence is dependent on water in many ways. Infact, one could say that our whole 
civilization is built on the use of water. India is a country with more than five thousand years of 
civilization, with great contributions to the field of hydrology. Ancient Indian civilization, 
referred to as Indus Valley Civilization or Harappan Civilization was at its prime around 3300— 
1300 BC. It is now known that Harappan people had sophisticated systems of water supply and 
sewerage, including hydraulic structures such as dams, tanks, lined wells, water pipes and flush 
toilets. The cities of Harappa and Mohenjo-Daro developed the world's first urban sanitation 
system. Large scale agriculture was practiced and an extensive network of canals was used for 
the purpose of irrigation in Indus valley civilization. Sophisticated storage systems were 
developed including the reservoir built at Girnar in ca. 3000 BC. 


The ancient Vedas, Puranas, Meghmala, Mayurchitraka, VrahtSamhita, literature of Buddhism 
and Jainism and various other works are enriched with plethora of knowledge about natural 
systems, including earth, atmosphere, hydrosphere, lithosphere and their interaction with the 
human beings. If one studies these ancient Sanskrit literature, (s)he observes that it contains 
valuable references to hydrology. It is observed that in ancient India, the information on various 
hydrological processes was very well known. Evaporation, condensation, cloud formation, 
precipitation and its forecasting were well understood in ancient India. Raingauges were 
developed and were widely used during the Mauryan period (4" cent. B.C.) to measure rainfall 
and its seasonal variation, based on the same principles as that of modern hydrology. While the 
western knowledge about the occurrence of ground water was based on wild theories, the Indians 
had well-developed concepts of ground water occurrence, distribution and utilization. Literature 
also reveals that hydrologic indicators were used to detect the presence of ground water. Well 
organized water pricing system was also in place during Mauryan era. Various references are 
available in Vedas alluding the importance of efficient water use so as to reduce the intensity of 
water scarcity and drought etc. 


In the present report, an attempt has been made to compile knowledge and wisdom pertaining to 
hydrology in ancient Indian literature. At this juncture, it is high time that we recognize and 
appreciate our traditional wisdom and practices and blend them appropriately with our current 
systems of water management. Such overdue initiative will definitely create a synergy of the 
OLD and the NEW. 


xiii 


xiv 


Chapter-1 
INTRODUCTION 


Science improves our knowledge of the nature and living beings. It helps the humans to 
investigate the several unknowns of the universe and generates solutions for practical problems. 
In fact, science has several functions, including the attempt to improve the quality of the human 
life. In ancient days, although science was unknown as such, yet man had realized the importance 
of water for survival, and therefore, the earliest civilizations were distinctly and predominantly 
hydraulic in character as they owed their origin to reliable sources of water to meet their various 
needs. Rivers played such a pivotal role in the life and living of those people that their 
civilizations came to be known as river valley civilizations. Prominent among these were the 
Nile valley civilization in Egypt, the Tigris valley civilizations in Mesopotamia, the Howang-Ho 
valley civilization in China and the Indus valley civilization in India. Most of these civilizations 
existed from 3500 to 300 BC and there are historical evidences to show that certain engineering 
measures were adopted by them to sustain as well as enhance benefits from rivers and also to 


protect against damages due to floods and droughts. 


Humankind established permanent settlements about 10,000 years ago when people adopted an 
agrarian way of life. Due to settled and somewhat secured life, population began to expand faster 
than ever before. Settled agricultural life made it possible to construct villages, cities and 
eventually states, all of which were highly dependent on water (Vuorinen et al., 2007). This 
created a unique relationship between humans and water. Most of the ancient civilizations, 1.e., 
Indus valley, Egyptian, Mesopotamian and Chinese were developed at places where water 
required for agricultural and human needs was readily available, i.e., close to springs, lakes, 
rivers and at low sea levels (Yannopoulos et al., 2015). Most ancient civilizations were highly 
developed and technologically equipped for societal sustainability as well as to enhance benefits 
from rivers and also to protect against damaging floods and other hydrological extremes. Water 
transport over long distances was based on gravity. Thus, long aqueduct systems (indeed, 
sometimes exceeding 100 km) were used to convey water over large distances, using gravity. 
Also, water cisterns for harvesting rainwater, canals and ground water wells were practiced since 
the Bronze Age (ca. 3200-1100 BC). However, fall of these civilizations and gradual decay of 


some of them were partly prompted by mankind’s creeping inability to cope up with adverse and 


damaging consequences of his interference with hydrology and hydraulics of the respective 
rivers in his attempts to derive benefits. Scarborough et al. (2003) and Ortloff et al. (2009) have 
reviewed how water management affected ancient social structures and organization through 


typical examples in the Eastern and Western hemispheres, covering the whole ancient world. 


It is well known that in the realm of spiritual values, the Indian heritage has been great and 
sublime and perhaps unparalleled, as testified by some of the great personalities of the west who 
underwent the toil of learning Sanskrit and presenting the world with translation of the renowned 
texts of Vedas and Upanishads in English and German. Besides the spiritual growth, ancient 
India also exhibited the growth of science. The Indus Valley civilization, one of the earliest and 
most developed civilizations of that time, was the world's largest in extent and epitomises the 
level of development of science and societies in proto-historic Indian sub-continent. Ancient 
Indian literature, dating back from the age of the Vedas, further witnesses this development of 
sciences (including the water science). It is a good fortune that the ancient Indian Sanskrit works 
have been preserved and not lost through centuries of domination by alien races and alien 


cultures in India. 


Science in Ancient India 

Very few workers in the scientific world are aware of how much science, as understood and 
accepted by scientists, is contained in the ancient Sanskrit literature. It is a moot question whether 
the ancient sages had adopted the methods of modern science of laboriously collecting 
observational data and integrating them through appropriate concepts into useful and acceptable 


truths. Observation as a medium of realizing the underlying truths could not have been ignored. 


Science is defined as ordered knowledge of natural phenomena and the rational study of the 
relations between the concepts in which these phenomena are expressed. It is in its widest sense, 
“a systematic method of describing and controlling the material world”. It can be seen, as it 
stands at any moment, as a logical and coherent account of that order which the scientists of the 


time find in nature. It progressively affects man’s life. 


In India, at the beginning of the third/fourth millennium B.C., a highly developed civilization, 
popularly known as the Indus Valley civilization or Harappan Civilization (a Bronze Age 
civilization) grew in parts of Pakistan and northwest India, on the fertile plains of the Indus River. 


The Harappan civilization was mainly located in present-day Indian states of Gujarat, Haryana, 


Punjab, Rajasthan, Uttar Pradesh, Jammu and Kashmir; and present-day Pakistan provinces of 
Sindh, Punjab, and Balochistan. It was located mainly in the region of the Indus and Ghaggar- 
Hakra Rivers. The major urban centres were at Harappa, Mohenjo-daro, Dholavira, Ganeriwala 


and Rakhigarhi. 


The people of the Indus Civilization made great scientific advancements. They achieved great 
accuracy in measuring length, mass, and time. These people were among the first to develop a 
system of uniform weights and measures. Preparation of the Vedic calendar for various 
ceremonies and of rituals necessitated the study of heavenly bodies and of their movements. This 
led to the advancement of the astronomical Science (Prasad, 1980). The fact that sun light 
constitutes seven colour rays was known to Vedic Aryans, as evident from the following shloka 


of the Rig Veda (RV.II,12.12), 





UAT RA TART AMAT ARTI RATATAT | 
UR HeREAITSIARET FT OAs | (RV.IL12.12) 





Meaning: the sun containing seven colour rays is the cause of water flow in the rivers (because 


of rain). After rain, it again attracts water from earth and this cycle goes on. 


Indian arithmetic is remarkable in that there is evidence to show that as early as third century 
B.C., a system of notation was evolved from which the scheme of numerals that is in vogue even 
today has been copied. The Aryabhatta (476-550 CE), a great mathematician and astronomer, 
studied the summation of arithmetic series and attempted to solve quadratic indeterminate 
equations. Brahmagupta, the great mathematician of 7 century, developed application of 
explicitly general algebraic methods to astronomical problems. The beginning of the medical 
sciences goes back to the age of the Vedas. The early beginnings of the art of healing and of the 
knowledge of healing herbs are found in the “Kausikasutra’ of the ‘Atharvaveda’. Susruta and 
Charaka were well known surgeons and physicians. During the Buddhist period, renowned 
scholar Jivaka was famous for his amazing medical and surgical cures. Medicine was also an 
important and compulsory subject in the ancient universities of Taksasila, Nalanda and 
Vikramasila. The medical work of Vagbhata of the seventh century contains the first mention of 
mercury (Prasad, 1980). The most remarkable feature of the Buddhist Philosophy of India is the 
formulation of the atomic theory by Kanada (600 B.C.) (Prakash, 1965). Biswas (1969) has 
rightly remarked that the growth of modern science in Europe would have been hardly possible 
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without the background of pioneering contributions from India, China and Arabian countries, 


well up to the 12" century A.D. 


Domination of the foreign rulers for a long time did not help in bringing the scientific content of 
the Sanskrit and other literature to come to the fore. Even after independence, the situation did 
not improve for the obvious reason that there is no interaction between the modern scientists and 
the Sanskrit scholars. The scientist never bothered to know about the scientific content in the 
ancient Sanskrit literature while the Sanskrit scholars never cared to bring to focus the problems 
of scientific nature available in the Sanskrit works. They got entangled themselves in problems 
such as ‘Vyakarana’, Mimansa’ etc. Hence, even to date, the scientific contents of the ancient 


works have remained almost wholly unknown and unanalyzed. 


Significance of Water in Indian Traditions 

Since ancient times India is known as the land of culture and spiritualism. Water has always had 
a pervasive influence on the cultural and the religious life of Indian people. The Great Bath of 
Mohenjo-Daro is a great testimony to this fact (Fig. 1.1). The bath is considered by scholars as 
the "earliest public water tank of the ancient world". Although, the exact significance of the 


structure is unknown, most scholars agree that this tank was used for special religious functions. 





= 





Fig. 1.1: The Great Bath of Mohenjo-Daro (Source: Wikipedia) 


Drier climates and water scarcity in India led to numerous innovations in water management. 
Since Indus valley civilization. Irrigation systems, different types of wells, water storage systems 
and low cost and sustainable water harvesting techniques were developed throughout the region. 
The reservoir built in 3000 BC at Girnar and the ancient step-wells in Western India are examples 
of some of the skills. Technologies based on water were also prevalent in ancient India. 
Reference to the manually operated cooling device “Variyantra” (revolving water spray for 
cooling the air) is given in the centuries old writing “Arthashastra” of Kautilya (400 BC). The 
“Arthashastra” and “Astadhyayi” of Panini (700 BC) give reference to rain gauges (Nair, 2004). 


- 
far +s ae z 
» aoe ee 
or 
“ aa eas -*« . 
. So er ae , 
» = “ks if - - 
“hs Pate a _ 


= . we 7 - | ea 





Fig. 1.2: Sophisticated Water Reservoir at Dholavira, evidence for hydraulic sewage systems in 
the ancient Indus Valley Civilization (Source: Wikipedia). 


In the Vedic and other Indian traditions, all natural forces including planets and rivers are 
personified as gods and goddess and worshipped. Early Indian culture originated near river 
regions. As a matter of fact, the very name of the country is derived from the name of river Indus. 
The seven rivers namely Ganga, Yamuna, Saraswati, Narmada, Godavari, Krishna and Kaveri 
are considered important on cultural basis. For example, the Holy River Ganges is 
mythologically linked to Lord Shiva and is considered by the Hindus as the symbol for 
purification of the soul and rejuvenation of the mind. All over India people throng for a dip in 
the holy river to wash away their sins. Divine water is consumed in the temple after puja worship 
rituals; idols of worship are sprinkled with water (abhishekam); and a plantain leaf kept for a 
meal is cleaned with water and a prayer. Table 1.1 presents some of the important shlokas in the 


Sanskrit which are invoked while offering prayers to water as God. 


Table 1.1: Some selected shlokas (prayers) invoking water as God 








SHLOKA MEANING 
@ oa! sual sued S agdse sea alae er si 
ea gare ok fea var weal 21 anos Ys UR 
Dea Hrd e sae far SA sgel stax ea z | 
aut feBT FaYaeA A Got Ga | O Water, because of your presence, the atmosphere is 
He Wey aaa 12 il 


so refreshing, and imparts us with vigour and 


strength. We revere you who gladdens us by 
your pure essence. 





Ol a: Racal LRA YTTAS 7: | 


@ wa ! MO Sua Ge YY PR PUM SAN We Ae 
ort AER Up at wt sar sd s wl ae st gat 
Ol WAISAH Va He | 





SAAT ATE UR O Water, this auspicious sap of yours, 
please share with us, like a mother desiring (to share 
her best possession with her children). 
@ Wa | Fa soeHT Gate UR feet set ooh wt ura 
Sal er ct de Ga vida Hr car SF lea | 
TMT Sk TAH at BE ears SHAT AMT SARA IATaTAS | 
foray | 


AT GAGU FA: 13 Il 


O Water, when your invigorating essence goes to one 
affected by weakness, it enlivens him, 
O Water, you are the source of our lives. 





@ Ua ! Fe BA soa Sad Hed @ A GaN YN fea 
én ot SHA Hrd SIT Buea sod faq 2, 
SIGE sat TART STI 








at edhe sat varg otaa | 

at aR Bard 7: vil 
O Water, may the auspicious divinity which 
is wished for, be present in you when 
we drink (water). May the auspiciousness which 
supports you, flow to us. 
@ ua snout fer Hy yAat A at Waka et! es aa, 
ARI ame ¢ fe sno weal wr Bafea uoor wy 

SUT STAT aaehesonary 
AO Ora ATS 14 II 





O Water, may the divinity in Water dwell in 
the farm lands. O Water, I implore you to 
give nutrition (to the crops). 











sey A aA asdieafdaty vet | 
ofa a fayRiyay ie 


@ va, Ga 7 Wa san fe wa A ghar at at 


aude ast Gat sik off ot Ghar al ge wafener 
erat & ut ah 2 


O Water, soma told me that in water is present 
all medicinal herbs of the world, and also agni (fire) 
who brings auspiciousness to the world. 





STG: Gutta West EU dds AA | 
wares BE ET Ilo 


@ wa, sod studta ost seat vax Hat WY ware gs €: 
pum AL IR ot ran Hr, aiorotcisqnadH ca 
(sufadcienaHuilfaarsae| 


O Water, you are abundantly filled with Medicinal 
Herbs; Please protect my body, so that I 
can see the sun for long (i.e. I live long). 





SqHlU: Y ded oleh a gh Ha | 
UgeAgars Fel VO Sa Ici 


o UG, GA ot ut gp uagttal & Hoa Geax Hr six 
AR afer A fear wad faort wt ax wt sik AX 
sna A ot Wt gueat ee RW HI 


O water, please wash away whatever 

wicked tendencies are in me, and also wash away 
the treacheries burning me from within, and 

any falsehood present in my mind. 








STO AMAA LT STS | 
Taka ot fe F AS ot FAT IS I 





@ UG, 3g UT Garet UR SB uy eu er A anoat ao 
Far ¢ 1 A sro A Tes BV waned g sala BA Hr. 
a fir gon @ off fata. ot oft. gee aaw tar wr 


O Water, today, to you who is pervaded by fine 

rasa (invigorating sap) I came, I deeply enter (i.e. 
bathe) in you who is pervaded by agni (fire principle); 
may that agni produce lustre in me. 





Hydrologic Knowledge in Ancient India 


The historical development of hydro-science has been dealt by many writers (Baker and Horton, 


1936; Chow, 1964; Biswas, 1970); but in all these works references to the contributions made in 


ancient India is conspicuously absent (Prasad, 1980). Chow (1964), for example, describing the 


history of hydrology, has referred to the works of Homer, Thales, Plato, Aristotle in Greece, 


Pliny in Rome and many Biblical scholars of that time but has not made any reference to any 





Indian scholars and literature, and their great contributions. Most of these western scholars 
believed in the wild theories regarding origin of water. Thales, an Ionion philosopher, 
mathematician and astronomer for example, stated that the sea water driven into rocks by wind 
is the cause of ground water. Plato (427-347 B.C.), the great Athenian philosopher, stated that 
the water of seas, rivers, springs etc. come from a large underground reservoir and goes back to 
the same. Aristotle (384-322 B.C.) said that water of the springs etc. is derived from the 
underground water through system of underground openings. Famous Stoic philosopher Lucius 
Annacus Sencca (4 B.C.) declared that rainfall cannot be the source of springs and underground 
water, because it penetrates only a few feet into the earth (Prasad, 1980). Marcus Vitruvious who 
lived about the time of Christ conceived a theory saying that ground water is part of rainfall 
originated through infiltration. All these theories of the western scholars indicate a low level of 
development of hydroscience in the western world during ancient times. On the other hand, 
contemporary Indian scholars appear to have developed an advanced level of knowledge about 
the various aspects of water science, as reflected in the ancient Indian literature which contains 
very valuable and important scientific discourses on hydrology and their practical applications. 
There are adequate archaeological evidences to testify that the Harappans of the Indus Valley 
were well aware of the seasonal rainfall and flooding of the river Indus during the period between 
2500 and 1700 B.C., which is corroborated by modern meteorological investigations (Srinivasan, 
1975). The Vedic texts, which were composed probably between 1500 and 1200 BC (1700- 
1100 BC according to some scholars), contain valuable references to ‘hydrological cycle’. The 
important concepts of hydrology are scattered in the Vedas in various verses, in the form of 
hymns and prayers addressed to various deities. Likewise, other Sanskrit literature also contains 


valuable knowledge related to the science of hydrology. 


The origin and evolution of agriculture and experience in irrigation on the territory of India or 
anywhere in the world are not separate processes, as evidenced from following hymns of the 


Yajur Veda: 


Heady Uses | 
qe aspcdry || Toads, 18-9 | | 
Aedead UIHesas || Bop, 18-17 | | 


These hymns illustrate the importance of Yajna’s (ust; Sacrifice) for rain, agriculture, and air or 


environment and their interrelationship. 


That water is not lost in the various processes of the hydrological cycle namely evaporation, 
condensation, rainfall, streamflow etc., but gets converted from one form to other was known 
during Vedic and later times. Water uptake by plants, division of water into minute particles by 
sun rays and wind, different types of clouds, their heights, their rainfall capacities etc. along with 
the prediction of rainfall quantity in advance by means of observing the natural phenomena of 
previous years are also available in Puranas, Vrhat Samhita (550 A.D.), Meghamala (900 A.D.) 
and in other literature. The references to rain gauges are available in Arthasastra of Kautilya (400 
B.C.), and Astadhyayi of Panini (700 B.C.). The quantity of rainfall in various parts of India was 
also predicated by Kautilya. Indians were acquainted with cyclonic, orographic effects on rainfall 
and radiation, and convectional heating of earth and evapotranspiration. Various other aspects 
such as infiltration, interception, stream flow and geomorphology, erosive action of rainfall, etc. 
were also known. In Ramayana (200 B.C.) the reference to artesian wells is available. Ground 
water development and water quality consideration were also getting sufficient attention in 


ancient India is evident from the Vrhat Samhita (550 A.D.). 


References to water management and conservation, well organized water pricing system around 
400 B.C., construction methods and materials of dam, tanks etc., bank protection, spillways etc. 
in the ancient Sanskrit literature reflect the high stage of development of water resources and 
hydrology in ancient India. Numerous references exist in Vedic literature, Arthashastra, Puranic 
sources, VrhatSanhita, Mayuracitraka, Meghmala, Jain, Buddhist and other ancient Indian 
literature which illustrate the status of hydrology and water resources in ancient India. The 
various elements of hydrology and water resources as they are discussed in an inferred from the 
various ancient Indian literature and also discussed by some of the authors such a Tripathi (1969), 
Prasad (1980), Prasad (1987), and others have been reviewed, analyzed and presented in this 


volume. 


The various aspects of knowledge hydrology and water resources in ancient India have been 


discussed and presented in this report under the following chapters: 


Introduction 
Hydrologic Cycle 
Cloud Formation, Precipitation, and its Measurement 


Interception, Infiltration and Evapotranspiration, 


Ae A YE 


Geomorphology and Surface Water 
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Ground Water 
Water Quality and Waste Water Management 
Water Resources Utilization, Conservation and Management 


Concluding Remarks 


11 
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Chapter-2 
HYDROLOGIC CYCLE 





Hydrologic Cycle is a fundamental and important concept in hydroscience. The cycle involves 
the total earth system comprising the atmosphere (the gaseous envelop), the hydrosphere (surface 
and subsurface water), lithosphere (soils and rocks), the biosphere (plants and animals), and the 
Oceans. Water passes through these five spheres of the earth system, in one or more of the three 
phases: solid (ice), liquid and vapour. Figure 2.1 represents the various processes of the 


hydrologic cycle. 


A 
Desublimation Evapotranspiration 


Evaporation 


ro 





Figure 2.1: Representation of the various processes of the hydrologic cycle 
(Source: John Evans and Howard Periman, USGS - http://ga.water.usgs.gov/edu/watercycle.html) 


The Vedic texts which are more than 3000 years old contain valuable references to water and the 
‘hydrologic cycle’. As mentioned earlier, the most important concepts, on which the modern 
science of Hydrology is founded, are mentioned in Rig Veda in various verses in the form of 
hymns and prayers addressed to various deities and divinities such as Indra (firmament), Agni 


(fire), Maruts (wind) and so on. For example, a verse from Rig Veda states like this: 
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ASS CTIA GTHTARE | 
aur: afsa4a || R.V., 16.4 11 


It means that the water which gets divided in minute particles due to the heat of sun is carried by 
wind and after the conversion into cloud it rains again and again. Another verse of the Rig Veda 
(R.V, I,7.3) states that the God has created sun and placed it so, that the whole universe gets 
illuminated, likewise this is the rule of universe to extracts up water continuously and then 


convert it to cloud and ultimately discharge as rain. 


gal daa aaa a ye veafeate | 
fa MPR Aaa || RV. 1,7.3 II 


Following verses of Rig Veda explain the transfer of water from earth to the atmosphere by the 
wind (I, 19.7), breaking up of water into small particles and evaporation due to sun rays and 
subsequent rain (I, 23.17), the formation of cloud due to the water evaporated from the mother 


earth and its come back to its mother in the form of rain (1,32.9). 


The verse I,32.10 of the Rig Veda says that the water is never stationery. It continuously gets 


evaporated and comes down, but due to smallness, we can’t see the rising water particles. 


a yesrt Uday fre aye | 
aoa at we | IR.V., 119.7 I 


agat oo et aftrat we: we | 
a ay feracaeaeay | IR.V., 1.23.17 11 


Paes AMASTAGRA AT SAT SAT SATS | 
UT: BREA: YA aeleay: Wa Peace; 11 R.V., 132.9 11 





The following verses of the Rig Veda say that the rays of the Sun are the cause of rains and that 
the sun extracts water from all parts of the world and the start of creation is through fire only, 


which is continuously engaged in extraction and discharge of water. 





afro fear orem sea fafedt 2a | 
gaa free fa aera aay arerafesmerg: | IR.V., 132.10 11 
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med Cae Had UIs SaaS A CART SHU: | 
qREMMART fare yaa: wt sar | IR.V., 1130.1 11 





a gaa ReaaasRea do fat fagy vara | 
vat vaniieg cise feafed sqar uraety | IR.V., 130.2 11 





A verse of Rig Veda further states as follows: 





a ara fear va a tard tafser Va a UI: eioTr: | 
Wasa UM: Yas: Taare art eae aa | IR.V., VIL42.2 IL 





Meaning: The waters which are from heaven, of those which spring up by themselves, the bright 
pure waters that tend to the sea, may those divine waters protect me here. Like these verses, 
various other verses of the Rig Veda (RV. VIII,6.19, VIII,6.20; and VIII, 12.3) states the 
causation of water evaporation, formation of cloud, rain, flow of water and its storage in oceans 


etc. 


The verse RV. X,27.33 of Rig Veda reads as follows: 


caret AMT Wear SfeerehAAATeNT AIT Sea | 
aaa TIT et I{H ded: WGA IR.V., X,27.23 | 


Meaning: At the start of creation, sun, etc. are created, rainfall is caused from sky and the 
vegetation is created by the combination of cloud, air and sun. The sun extracts water in the form 


of vapour & air, causes it to form cloud and rain. 


Further elaboration of the knowledge about hydrologic cycle is found in the Sam Veda (VI-607). 


A verse of Sam Veda reads as follows: 





PART GRY: SAMS TERUILRT | 
a afd yaar cdeaaoraraga sare: | 1S.V. gatferes VI, 607 11 
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Meaning: One type of water goes up and other type of water comes down, both of these may go 
to the atmosphere after treatment of sun’s heat. From up they flow into rivers after rain and get 


stored there. 


Similarly, the Yajur Veda explains the process of water movement from clouds to earth and its 


flow through channels and storage into oceans and further evaporation (Y.V., X-19). 


UY Uda GUNS ywrstavaied CaRASIMT: | 
a sagareRT Teac afé Jeary Waar: 
fawifdaorat fawitdsraah fawn: srqahitY.V., X-19 11 








In the Rig Veda, Sam Veda and Yajur Veda the concept of infiltration, water movement, storage 
and evaporation as the part of hydrologic cycle are revealed clearly. During the time of Atharva 
Veda the concept of water evaporation, condensation, rainfall, river flow and storage and again 
repetition of cycle was explained as in the earlier Vedas. According to the Atharva Veda, the sun 


rays are the main cause of rain and evaporation, as mentioned below: 


agat oo at art wel: we | 
a al ferarcaqeaea || A.V., 15.2 11 


The verse I, 32.4 of the Atharva Veda states that the entry of rainwater into earth and its 
continuous movement in the cycle from earth to atmosphere is by sun rays. The Verse reads as 


below: 


fazaaora Tear PTC | 
fed a fagadest fret ary 44: | 1A.V.,1,32.4 11 





Another Verse of the Atharva Veda (V,24.5) says that the water from earth goes to the 


atmosphere due to oxygen and then it comes down (rains) due to carbon dioxide. 
frarasuit qreartelact dt Area | 


oe THR SATA WTS UPSTART 
PRAIA eaEca tae |IA.V., V,24.5 1 
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The hydrologic cycle reaches into the atmosphere and traverses, imparts, the domain of 
hydrometeorology. It may be seen in the Varahamihira’s Vrhat Samhita (550 A.D.) in which 
three chapters are devoted to hydrometeorology comprising pregnancy of clouds (Chapter 21), 
pregnancy of air (Chapter 22), and quantity of rainfall (Chapter 23). Shlokas 1 and 2 of 
Dakargalam (Chapter 54 of Vrhat Samhita) which states the importance of science of ground 


water exploration, helps man to ascertain the existence of water are as follows: 





rey BR a demade corte I oreilaerfes: | 
gat aarsy RRR feraratt gta 








Cod dis Wa aed Ted agenfasrstc | 
AMT Wied Seat a ae Wed ferfagesd 1 1Vr.S., 54.1-2 11 


The water veins beneath the earth are like vein’s in the human body, some higher and some 
lower. The water falling from sky assumes various colours and tastes from differences in the 
nature of the earth. These shlokas imply that the infiltration of rainwater through the veins into 
earth surface is the source of ground water. The epic Mahabharata (XII, 183.15.16) explains that 
the water ascends to sky with the help of a= (fire) and air and then its humidity get condensed 


and causes subsequent rainfall. 


afta: varagad: & wares ores | 
araaredearne warcagared | MB,XII,183.15 || 





ceareret fafa: Sreedsofa at oe: | 
U dorado yacarpresta || MB,XII,183.16 || 


The verses 184.15-17 of the Mahabharata state that the plants drink water through their roots. 
The mechanism of water uptake by plants is explained by the example of water rise through a 


pipe. It is said that the water uptake process is facilitated by the conjunction of air. 





are: Ufereomregq arelat aft eetare | 
anftufatracae frat wd gA1| MB,XIL184.15 || 





TEMA Beated VTTATERT | 
dar vareyad: ore: fat ureu: || MB,XII,184.16 11 
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In verse XII,362.4 and B of the Mahabharata, it is explained that the air and the sun rays get 
dispersed and fall on whole universe together. The Verse further says that the sun rains in rainy 
season (four months) and in next eight months the same water is again extracted by the sun rays. 


Thus, it explains two faces of hydrological cycle clearly viz. 


udl agi: ger eRe Ae || M.B.XIL362.4 11 


area Bear feoecrayfera oz: | 
eared YA: ret Frvasaa: oe: || M.B.,XIL362.B || 





Like Vedas and Epics, in Puranas (which are dated between 6" century B.C. to 7" century A.D.) 
we get various references which show the development of knowledge of hydroscience during 
their periods. Matsya Purana (Vo. I, Chapter 54) reveals that the air saturated with moisture is 


the cause of creation (earth) viz. 





ayant deat d arya: weererae: || Matsya 154.15 11 


In verses 1,54.29-34 of the Matsya Purana and 51.23-24-25-260f the Vayu Purana, we come 
across the knowledge of evaporation. According to these verses, burning of water and its 
conversion to smoke is caused by sun rays which ascend to the atmosphere with the help of air, 
which again rains in next 6 months for the goodness of the living beings. The various verses are 


given below: 


gamntrscavan: Yat ¢ yer fasta 
UALARY cay garqzaarsaar: || Matsya 154.29 11 








CEAMy UMS GSARATARY z | 
THR a eat Pepa wer: || Matsya 154.30 || 


OF area Oat WIAAYAS SAC | 
cont: Uday sect watts || 154.31 11 





PASTE ANT SEAT THAT: | 
aReggacpreraRads fearpe: || 154.32 11 
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frereacaral AE: Yoo: Yaoteqeaiy: | 
SRT: Waal: | | 154.33 11 





car avfa war wdyafagga | 
agrramdda fagacataon: earl | Matsya 154.34 11 


In Linga Purana a full-fledged chapter (1,36) has been devoted to the science of hydrology. It 
explains evaporation, condensation and rainfall with suitable examples very scientifically and 


says that the water can’t be destroyed, only its state is changed. 


Seeger TEAR frspated | 
a a Ged aReddRat d aRareasaftsaay ai) Linga 136.38 || 





ad garaarari Parrecayed | 
ani adie: WeraGR || Linga 136.39 || 


Meaning: After getting by sun, the water contained in most of the materials on earth gets 
converted to smoke (vapour) and ascends to sky with the air and subsequently gets converted to 
cloud. Thus, the combination of smoke, fire and air is the cause of cloud formation. These clouds 


cause rainfall under the guidance of lord Indra, having thousand eyes. 


Similarly verses 1,36.66-67 of the Linga Purana say that the water is never destroyed or lost, but 
only converted from one form to other i.e. water to vapour by sun heat, then cloud and subsequent 


rainfall and loss of rainfall by wind etc. viz. 





weds Waar Geataafeeaan: | 





WEA WRAL, Heat foxttsiey || Linga 136.66 || 





Te ARM geat Aaa fear: | 
geared aygit werd ya: || Linga 1,36.67 || 


Thus, it is evident that the Linga Purana contains clear concept of rainfall, evaporation, 


condensation, cloud formation etc., along with the knowledge that water cannot be created or 
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destroyed. Chapter 41, Vol. I of the Linga Purana furnishes some more knowledge about the 


change in the facets of hydrological cycle with months of the year. viz. 


aed da Ws a ad: a aad Ae | 
ayaa efe a aghtei yatta || Linga 141.30 || 





aa ae wdegetar dees | 
uss Hf wdfe-s sere ardar xfa: || Ling 141.33 || 


Likewise Vayu Purana also contains valuable references to hydrologic cycle. Vayu Purana 


(51.14-15-16) state like this: 


seed Yara: Gi Bead oer | 
aTeiragyrarcterer wad 11 Vayu,51.14 11 





aeaaIesad BA Tewsaassc | 
Fer agrends farord oer yfai| Vayu 51.15 11 


vasferad da vad d YAotery | 
qT Tey Venera dea uRacdt1| Vayu 51.16 11 





Meaning: The water evaporated by sun ascends to atmosphere through the capillary of air, and 
there gets cooled and condensed. After formation of clouds, it rains by the force of air. Thus, 


water is not lost in all these processes but gets converted from one form to other continuously. 


Brahmanda Purana (II, Chapt. 9) also gives some information on the hydrologic cycle. It says 
that seven colour rays of the sun extracts water from all sources, by heating them (II,9.138-139). 
Thereafter, the clouds of different shapes and colours are formed. Then they rain with high 
intensity and great noise. (II,9.167-168). In this way, the fire of the sun is controlled. The very 


object of the chapter is the concept of the hydrologic cycle explaining different parts one by one. 





agar UR aor srearct xa | 
aearee: fara ¢t area efakak || 11,9.138 11 
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Tea Ot Vea: aera Ferfarc | 
CATER Uartargar: Wa Adeyxt || Brahmanda II,9.1391 || 


WT UPAR AACA | 
aR Geral at Fafa a seta! | 19.167 11 





gerard wd aerate a uaa | 
ygeea carat akengad opr || Brahmanda II,9.168 | 





The treasure of knowledge about hydrology and hydrologic cycle available in various ancient 
Indian literature has still not been explored fully. As observed by V. T. Chow (1974) in the 
Symposium organized by UNESCO in Paris in August, 1974 “the history of hydrology in Asia 
is fragmentary at best and much insight could be obtained by further study”. Although the efforts 
are on, they are not numerous. In a recent study, Malik (2016) has made efforts to extract and 
analyze the concept of hydrological cycle as understood from the Ramayana Epic, focusing on 
the conceptual aspects of hydrological cycle interpreted from the 28" sarga of 4" Kanda of 
Kishkindha Kanda of Ramayana by the great poet Valmiki. The Schematic representation of 
hydrological cycle extracted from Kishkindha Kanda of Ramayana of Valmiki by Malik (2016) 


is shown in Figure 2.2. 


Malik (2016) has also compared the modern concept of the hydrologic cycle with the concept 
present during the Ramayana of Valmiki. The comparison is shown in Figure 2.3. From the 
comparative analysis of the two concepts, he observes that “in the modern concept sun 
throughout the year evaporates the oceanic water or water from others water bodies coupled with 
transpiration. But in the epic, there is no signature of transpiration. Also, contrasting difference 
occurs for run-off where present concept considering run-off, infiltration and sub-surface flow. 
In the epic concept of infiltration and sub-surface flow are found to be lacking”. However, if we 
ignore these limitations, the concept of Ramayana is outstanding and very close to the modern 


concept. 
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WH 3S Feed: Alera Hit MA 


Tortora ATL eT aera: 
FECT YG Her erTOT, 
= i i ~— he Perera Pree qa: waniea | 3-2¢-22 
, a thats ; (Occurance of rainfall & its 


. related phenomenan 
BOA AAT Meas ACMTAEA || 3-2-t19 - , 


(Landward transporation of cloud) 







WoT eat Of errer ara aTiy UAC | 
Brat sa Qites Haar HI area Ferapafer || 3-2c-9 
(Evaporation after rain) 


a¢gied ated aafea anfeat 
carmied qeaied waraaied | 
AD Tal Aa Wal Fat HEAT: 
Fran ferret: Par Peat: Coreen: || 3-2¢-219 


GA aah Brea HANS | 3-22-24 


(Surface Runoff) 


feral oat: erat HEAT 
GAA AST BTA HIAUAA | 3-2-24 
(Back to Ocean) 


Figure 2.2: Schematic Representation of the Hydrological Cycle extracted from Kishkindha 
Kanda of Ramayana of Valmiki by Malik (2016) 
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Figure 2.3: Schematic comparisons between Modern Hydrological cycle and hydrological 
cycle concept in Valmiki Ramayana by Malik (2016) 
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Epilogue 

This chapter brings out that the knowledge of water science during the Vedic age and afterwards 
in the age of Epics and Puranas was highly advanced, although the people of those times were 
solely dependent upon their experience of nature, without sophisticated instruments of modern 
times. In the Vedic age, Indians had developed the concept that water gets divided into minute 
particles due to the effect of sun rays and wind, which ascends to the atmosphere by the capillary 
of air. It gets condensed there and subsequently falls as rainfall. Month-wise change in the facets 
of the hydrological cycle was also known. Water uptake by plants which gets facilitated by the 
conjunction of air along with the knowledge of infiltration is revealed in the ancient literature. 
From all above discourses, we can conclude that well developed concepts of the hydrological 
cycle were known to the ancient Indians in those ancient times while the contemporary world 
was relying on the wild theories of origin and distribution of water. Thus, the ancient Indian 


knowledge of water science can be regarded as the great achievement of that time. 
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Chapter-3 


CLOUD FORMATION, PRECIPITATION 
AND ITS MEASUREMENT 


Precipitation is one of the three main processes (evaporation, condensation, and precipitation) 
that constitute the hydrologic cycle, the continual exchange of water between the atmosphere 
and Earth’s surface. This chapter discusses various processes such as cloud formation, 
interaction between Sun and ocean and earth surface, condensation and precipitation, as 
described in the ancient Indian literature. The chapter also sheds lights on the techniques used 


for precipitation measurement in ancient India. 


Seasons and Clod Formation 
The Rig Vedic Aryans had keenly and carefully demarcated the variation in seasons and divided 


the whole year into six such divisions as the verse indicates: 





Cdl U Feahgh: veyat srqafterd | 
mtd + ay! R.V., 123.15 11 


The Sun was clearly known to the Rig Vedic Aryans as determinant of seasons and the seasons 


were formed for the benefit of the earthly creatures. 





AP oat oR YR BAS VE ferry | 
gaiag ¥ fest uffarrmaqarmde eaags || R.V., 195.3 11 





Figure 3.1 shows the general cloud formation and associated processes, as understood in modern 


times. The knowledge about cloud formation is also present in the Rig Veda. 
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(Blue dots represent moisture) 
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Figure 3.1: The process of Cloud Formation 
(Source: https://climate.ncsu.edu/edu/CloudFormation) 


Radiation, convection currents and rainfall as their effect, are described in the Rig Veda 


(1,164.47, VII, 70.2 and 1,161. 11-12) through following verses. 





CERI AHA Tt aK: CIT AR: | 
TTR UEKI Ye Tealrequal ary west || R.V., 1,161.11 11 











wed Vea Bate gat Kates Mar F sag: | 





AI UT HS FT see UT Wradray Tet stadia || R.V., 1, 161.12 11 


eu Pa Re Cet sat Gar feagcactee | 
qd wagawentgareafeayas gfardt yads| R.V., 1, 164.47 11 





These above verses of the Rig Veda also state that the rays of the Sun are the cause of the rains, 
and that the clouds are constituted of various elements. Some verses of Rig Veda (1,27.6; 132.8; 
132.14; 137.11; I, 24.4; V,55.3) describe the formation of cloud by evaporation of water by Sun 


and wind and then rainfall, and there is no other cause of rainfall other than Sun. 





fargaht fesarar fretreat stare ait | 
wet ayy ark! R.V., 1 27.6 11 
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ae 4 PTGS Va AAT WET sift BecarG: | 
aRagal safes eifesacaraate: vega: wey 1] R.V., 132.8 11 





The above verses explain that all that water goes to the sky with wind by the heat of Sun rays 
and gets converted to clouds and then again after the penetration by Sun rays, it rains and gets 
stored in rivers, ponds, ocean etc. The clouds are said to be leaders for replenishment of water. 
The verse V 55.3 of the Rig Veda explains the simultaneous formation of mighty clouds which 


are co-dispensers of moisture. 





are viet: Bra: arepayfercn: Fra feet wey aTgyAR: 
farifeoor. eee VV: YH ATA WaT ages || R.V.,V,55.3 11 


During Rig Vedic times the seasonal variation of rainfall was known, which is depicted through 
following verses (RV.VI,20.2 and VI,30.3) saying that the Sun extracts water from Earth during 


eight months and then this water rains during rainy season of four months. 





feat 4 quasars wary cattery fazay | 
afé acqanal afta expoiiftFawpar wars: || R.V.,VI,20.2 11 





Verse I, 79.2 of the Rig Veda states that the Sun rays strike against moving clouds. Thus, the 
black shedders of rain roar. After this, the shower comes with delightful flashes of lighting. The 


rains then descend, and finally the clouds thunder. 


ad gut afta va: QM Aaa gear udteq | 
Rar waarmee fe: erase)! R.V.1,79.2 11 





Following two verses (V.54.2 and V55.5) of the Rig Veda explain the cloud-bearing winds as 


the cause of rainfall, viz. 





¥ dt Awaedasr Saad aalgel saya: UR: | 
a fager cafe arene Fea: weeaiget oka: 11 R.V.,V,54.2 11 





Meaning: “O cloud-bearing winds, your troops are rich in water, they are strengtheners of life, 


and are your strong bonds, they shed water and augment food, and are harnessed with steads 
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(waves) that wander far and spread every-where. Combined with lighting, the triple-group (of 


wind, cloud and lightning) roars aloud, and the circumambient waters fall upon the earth”. 


VeRAM AS: VAs yA qf ata YR: | 
Td So wy eee ea: Ys aaa WaT aged || R.V. V,55.5 11 





This verse explains that the cloud-bearing winds uplift water from ocean and charged with water 
shower down the rain. Similarly, instrumentality of winds in the causation of rainfall can be 
easily read in verses I,19.3-4; I, 165.1, and their relationship with clouds in I, 19.8 of the Rig 


Veda, as follows: 





a Fel wor fegfded caret age: | qwefters at mee || 
Ol OUT AGATA sora weet at Te!) RV.1,19.3-4 11 





ad dard wRaRae: GyeAToRT | 
Feqtest at we 1] RV.L19.8 11 


Both of the above verses reveal the cause of rain, who commands the rain to come down and 


execution of eternal laws. 


The following hymn (1,38.7) of the Rig Veda reveals how the moisture leaden winds bring some 


scanty rainfall in desert region also. 





Gea MIT saad seafsaear Vea: | 
fe qracuaryy || R.V.138.7 11 


From verse V,53.6-7 of the Rig Veda, we also come across the knowledge of Rig Vedic Aryans 


about the positive effect of yajna’s (asi), forests and large reservoirs, causing rainfall. 





a Y Ae Yara eargyy fea: Hrerargqeng: | 

fa usta goa weet ory ara Ufa geez: | | 

ager: Rrra: area Lor: Y Bega Bea | 

RIT sal garda faarat fa sgctet vet || R.V.V.,53.6-7 || 
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The following hymn from the Rig Veda (V, 53.17) indicates that there are sixty-three types of 
winds. However, their climatological and meteorological implications are still unraveled and 


they are mostly treated as merely mythologies. 





at A Me Bila VHHHT Ma Se: | 


UPA scrgaral eed AUT FY We sea Aot!| R.V.V,53.17 11 


No clear cut mention of the monsoon is to be found in Rig Veda but the Marut hymns give 
satisfactory descriptions. Monsoon is, however, clearly referred to in the later period in the 


Yajurveda Samhita as afeerad (Taithriya IV.4.12.3). 


ad sq aa Ufa | | 
oat fest safe aerrrensimt fraaeearar: || T.8,4.4.12.3 11 





However, a better reference to rain bearing winds is provided in the Rig Veda (R.V. X. 137.2 
and I,19.7). 

erfast ardt ara an fereier ora: | 

aad aa ot ag WRN ag yas: || R.V.X,137.2 || 





In versa, VIII,7.4 of the Rig Veda, the word f4€ is explained to mean mist, with which one cannot 


differ easily, if the content is taken into account, though at other places f4€ signifies rainfall. 


aad Hed fe v doufa udar| gerd at aryf: || R.V.VIL7.4 11 


The importance of yajna to purify environment and causation of rainfall has also been described 


in the Rig Veda (RV.X,98.4; x,98.6/12; x.98.7 and x,98.11) as below: 





ar at area aye faenias ceartee wees | 
fie sayqga word caret ae efayr wet R.V.X.98.4 11 








BRATS SARAH cage siferer | 
a saat yer cater over afacitg || R.V.X.98.6/12 11 





These hymns clearly describe that the water collected by Sun rays kept in kept in the sky safely, 


and to create rain, one should take help of knowledgeable priests, who will do appropriate yajna 
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(sacrifice) for rain. This implies that the precipitation is the result of weather and cloud 
formation. The three other Vedas, namely Sama, Yajur and Atharva Veda furnish some 
additional information on climatology and meteorology which we do not come across in the Rig 
Veda. Since these three Vedas chronologically belong to a later period, it can be easily seen that 


during the later Vedic period the water science further progressed to a considerable extent. 


That the rain is a phenomena of ocean, wind and moisture, is proved to be clearly known by later 
Vedic times. Verse from the Tiathriya says “from the Ocean, O Maruts ye make (the rain) to fall, 
O Ye that are rich in moisture (TS.II,4.8.2)”. 


Fea Tae AeA: yea GA TRE THIET FATT | 
gor gf fea afer: wag gor} | TS.11,4.8.2 11 


In Taithriya, it is also very clearly mentioned that the air circulation plays a definite role in the 
causation of rainfall. It is stated thus: “Verily becoming of like hue he (wind) causes Parjanya to 


rain (TS, II 4.9.1). 


qey VF Voy Va YT Uo aWale waaa Ae: eaaaTaaAa Weare 
ofa Haft grata oat aerdegs acai gerfa agd gear ger 
aged ea arreay arafa @ vars gorse aves vet || TS10,4.9.1 11 














West wind and the rain bearing monsoon or east wind are spoken of in above lines — “Stay O 
Maruts, the speeding falcon (with these words), he pushes back the west wind: verily he produces 
the east wind, to win the rains. He makes offering to the names of the wind, the winds rules the 


rain (TS.IL,4.9.1). 


During the Rig Vedic time, probably it was also known to the Aryans that plants (or forests) had 


some influence on the causation of rainfall. 


data feat qeag wel ay a aes at wy alee Lar 
aearey valeeral aaa seu vareetar git fy aafe)| TS.1,4.9.3 11 


30 


Like RigVeda, the Yajur Veda also tells about the influence of yajna (sacrifice) in purifying air, 
water and environment as a whole, which helps in causation of rainfall. Hymn [,12 of the Yajur 


Veda reads as follows: 





Was HT dwelt uladd: waa wyararfeserr ufasor yer VA: | 
edo seryat studl a gaye ust qua agate yerg ysl eagaq| YV.L12 11 





This mantra (hymn) states that the substances like water, air etc. get polluted and if they will be 
broken into minute articles by fire (with the help of yajna) they will get purified and pure rainfall 
will occur. The hymn VI.10 of the Yajur Veda states that the materials used in yajna get divided 
into minute atomic forms due to attraction of Sun and ascend to sky. This causes plenty of rain 


fall. Likewise hymns VI — 16 and XIII — 12 of the Yajur Veda also reveal the same fact as: 





ao TERM edt: Mery ward farcageaeta: | 
Gd Wo ada aeedt wags sor: W ssrofarrsrst || YV.VI10 || 





In the Vedas at several places, the mist has been given the appellation of “term (Vajasaneyi 
Samhita 17.31) as: 


4 oc faery ga COMMA Ie | 
AER wga Get aT weerragertet || VS.XVIL31 11 





The Yajur Veda knew about the immense concentration of mist or fog on water bodies and 
oceans “thou are ocean full of mist”. It was also known that pure waters purify all things through 


rain “May waters, like mother purify our bodies (Y V.IV.2-3). 





a SHAFT: YMA YA FAS YAR | 
faa fe Ro vast ea: | 





sfearma: Breet ya Vena 
ot car rar wear oR eat ae aet yer || YV.IV.2 || 


The Sun was known to be the disperser of clouds and cause of rain “O Sun, thou bring rain on 


different parts of the earth” 
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aera CRT carer aft gat A fe | 
grea otrnragel aft agqay effi) YV.IV,3 11 





The Sam Veda gives more emphasis on wooing Rain God. It clearly says that the eternal power 
of Sun penetrates the clouds and thus causes rain (SV. Previous II. 179). It also reveals that the 


Sun pours rain water on moving earth with the help of wind (SV. Previous II. 148) as; 


Ufeat saaheal ASAT FIAT: | | 
wa yoT yzaerat || SV.Previous 11.179 || 





Sal aera sretid areaufaeea: | 
wer Aadda|| SV. Previous II. 148 || 


The other verses of Sam Veda (V.562; final V.906; and final X.1317) discuss the kindness and 
greatness and power of God along with the process of rain. Verse SV. Final, XX.1802 clearly 


mentions the creation of oceans, rivers etc. due to the heavy rain by God. 


safe GAT ASW TIT St Wola SEA sf aT stfawme|q | 
are aaa aT A OUI Gaaraaraed || SV. Previous, V.562 || 





a Waa Yet git sara Sa: | 
BY yard Gad || SV.Final,V.906 || 


ot Rey Urgeeral sesey | 
segks ufset fard geikt art | 
dea oR Works TAG cater afaary || SV.Final,XX.1802 || 





In Atharva Veda we come across the similar concepts and hydrologic knowledge as contained 


inthe other Vedas. Verse (I,4.3), for example, states as: 
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aa edt ed aad ay aa: fad 4: | 
Riegqua: ocd efa: || AV.14.3 11 


This verse reveals the concept of evaporation due to heating by Sun rays and subsequently life 
giving rainfall. The Prithvi Sukta of the Atharva Veda (XII,1.51) speaks of a violent dusty storm 
which uprooted trees and calls it as HTaRgar: 


ar fgure: ofa: aoara Sar: BIT: Maar gaia | 
ea ae AaRedad woh Hudearaaea ger | 





areas varyraray areafa: || AV.XILI.S 11 


The various hymns of the Rig Veda indicate that the Vedic literature mythically describes the 
Indian atmospheric phenomena, especially those of the monsoons and rainy season, and the 


violent thunderstorms by which they are usually accompanied. 


Following the Rig Veda, the Satpatha Brahmana also recognizes sixty three winds (SB Part I, 
2.5.1.13). The same text calls hoar frost as Yea. 





Fr: Weed ASAT AGUA SEAT SI UA ASAE: | 
wy wae: Qs at areas YH a vat efagr fae || RV.VIL96.8 || 


The Taithiriya Aranyaka (1.9.8) says that there are seven types of air currents or winds in the 
atmosphere which produce seven types of clouds of the same appellation. These are (1) axed (2) 
raat (3) fanaa (4) oH (6) varaa (6) Fede and (7) snfefAfafey. The area creates circumstances 
which are responsible for condensation and good rainfall. The t<aave is that whose temperature 
condition is little affected by the insolation or Sun and perhaps occurs at a higher altitude and is 


responsible for precipitation. The actual text of the mantra is as follows: 


TIPPS: RITA HE: | fagea a que: | | 
vara Yeraedeact | o aaferfafares: | 
gorarercd ofa aeutea | grefaxta || Tai-Ara.,1,9.8 || 


The faye gives rise to thunderstorm; the yua possesses some latent property or aroma which 
it imparts to the objects with which it comes in contact, expanding quickly and the ye4e affects 
the humidity or moisture content of the atmosphere. Theses six belong to a single genus and have 
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a single or similar region of activity. The afefafefey belongs to another genus and its 
geographical realm or region is different from the preceding six; however, it is highly favourable 
for agricultural purposes. These seven classes of clouds bring rainfall with seven types of winds. 
In verse 1.10.9 of the Taithiriya Aranyaka, two more types of clouds are mentioned 
(Tai,Ara,I,10.9). These are: (1) 248 or araR and (2) agar. The former is responsible for profuse 
rainfall, and the later is identified to be “the moving nimbus fall of water”. Thus, total nine types 


of clouds with their properties, have been identified in the Taithiriya Aranyaka. 





Ufdar flay | srqaeaiiet Bra: | srogRyFeeda | 
afrarrarrad | 1110.8 11 a gax fafecda | 
Sear al || sede Garafsar qq | ot agureageyy || Tai,Ara,I,10.9 11 


On the similar lines, during the age of epics we get information regarding clouds, rainfall, 
evaporation, snow, storms etc. Verse VII.4.3 of Ramayana speaks of three kinds of clouds - sTe4 
(Produced from Brahma), 34 produced from fire and vetst (produced on a mountain flank). 


White, red, blue and grey clouds are also referred to in the epic (V.1.81) as: 





TORT Aas a | 
ofa awaits Herter apie || Ramayana V,1.81 || 
eRareranifsy Fer aearre || Ramayana V,57.7 || 





Climatic vagary or absence of rainfall is referred to in Ramayana (1.9.9) as: 


sargite: yaRt ¢ wderevaraet || Ramayana I,9.8 || 
age J goat Vary yas || Ramayana 1,9.9 || 





Here, it speaks indirectly of atmosphere free from dust, fog, frost and mist. Similarly, the 


condition of nocturnal sky (the moon from “er or mist) is alluded to in Ramayana (1.29.25), as: 


wie water: gadyeatac: || Ramayana 1,29.25 || 


Mist and its disappearance through diurnal rise of temperature is referred to in I,55.25 verse of 
Ramayana, mist and severe cold in III, 16.12, cold western wind made still colder due to the 


effect of him (frost) in III, 16.15, very dense mist in the vicinity of earth surface in II, 16.23, 
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water vapour hanging on the surface of the river structure in HI.16.24, dew formation on the 


sandy margins of the bank in III, 16.24 and snowfall in II,16.25. These verses are given here as: 


aadt ¢ aRreer ar AR FEE: | 
Tears: TM AeRfya ape: || Ramayana I,55.25 || 


Prgcareprerererar: Geaira FEAST: | 
Mage RRs Ura aes | | Ramayana I,16.12 || 








ar waeraen featdera rad | 
vate uaa arg: ret feqoreitcer: || Ramayana T1,16.15 11 


HAAS AERTS: | 
WET st cet faye darcy: || Ramayana III,16.23 || 


aeettaferel ScfasrAaRaT: | 
feafearqoedr: aRat aa ary || Ramayana IIL16.24 || 








GURU YEE ACHR F | 
Vase URoT VAdwurety | | Ramayana III,16.25 || 


Verse IV,1.15 of Ramayana states about the mountain winds. In another Verse (VI, 78.19) we 
read about dusty, dry and gusty wind. Later on violent storm or tornado is also mentioned in 


Ramayana (VI,106.21, are avsferear:). 





Seamer repr: wie ga afc: || Ramayana IV,1.15 || 


Like the Ramayana, the epic Mahabharata also contains valuable information related to 
hydrosciences. In the twelfth skanda of the epic, atmosphere is divided into seven regions 
(skanda, sphere, XJI,328.31) and are discussed in considerable detail as “that wind which is the 
first in above number and which is known by the name of Yae drives, along the first course, 
masses of clouds born of smoke and heat. Thus, during this time, the constituents of cloud were 
also predicted. This wind passes through the sky and comes into contact with water in the clouds 
(MB.XII,328.36) as: 
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greanraaRa at Ta Waret area: | 
aad agar ¢ am Patergqyde: || MB.XI,328.31 11 





TRAM AMT AT THOT LA STSAET zi: | 
gaa: GAA ART val aa aif: || MB.328.36 || 


The second wind called stag, blows with a loud noise (MB. XII329.37). The wind which drinks 
up water from the four oceans and having sucked it up, gives it to the clouds, presents them to 


the Gods of rain, is the third in number and is known as oc@e (MB. XII328.38-39-40). 





FR SEAR fayeraza Ferefer: | 
arael aa Gaara fede: zaaat qed || MB.XII,328.37 || 








say varfest sgad aad wife a: | 
areey dear 8 dard adf8or: || MB.XII,328.38 || 


aeagya: wysrat ageiRad wrery | 
Secead al virgdRirae flo || MB,XIL328.39 || 








aes: Paley oA Tor yereate | 
weed aA afewegdia: w were: || MB,XII,328.40 || 


The winds which support the clouds and divides them into various parts, which melts them for 
pouring rain and once more solidifies them, which in perceived as the sound of roaring clouds, 
is known by the name Wag. Fifth layer is called faae and the sixth is referred to as uRag. The 


seventh called wag (MB.XII.328.41-42-43-47-48) refers perhaps to some cosmic region. 





eyes seer Bt Aa: Yer SAM: | 
avtapareied vated Taree: || M.B.XIL328.41 || 





Gea a4 alder wafea Aad Aer: | 
armas Bar Facaquaea A) | M.B.XII,328.42 || 


ay at aefe yarat faararfy fever | 
age: Wael arm ay: a PrRafes: || M.B.XII,328.43 11 
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COUATAAR, TE: SAARIGTA | 
Ueda: & Fern faaer ar Area: || M.B.XII,328.48 11 





us: oRael a Go argetad <e 11 M.B.XI1,328.45 11 





I Vena aera 7 Pract | 
Wide! AMA owRy ag: a gxfcshs: || M.B.XII,328.52 || 


Here, at five places, the term wind used, actually implies a sphere or layer. These five names 
also occur in Puranas and other later literature. The epic gives another classification of clouds 
also giving four classes of clouds. The four types of clouds are Wace, aetew (MB, VIII,34.28), 
@rsar (XII 271.6) and de (MB XIV 55.35-36-37). The detee clouds are formed in the faag 
layer of atmosphere (described before). The clouds brining rainfall in desert area are called sce. 


These classification of clouds are different from those enumerated in Ramayana and Puranas. 


Wer GRA AAT Carpaatas | 


paved QuseaaRad4y || MB,XII,271.6 || 


cer aet afawartea reget: ATEART: | 
weed Vera aa d WASH, 
east syam: ware areata aft 411 MB,XIV,55.36 || 








Around 600-700 BC, Kanada in his Vaisesika Sutra referred to the process of condensation and 
dissolution of water (Vais. Sutr.V,2.8). He remarks “condensation and dissolution of water is 
due to the conjunction with fire or heat”. About the phenomena of thunder, he observes that the 
“rolling of thunder is a mark of the ingress of the light of the sky (Vais. Sutr.V,2.9)”, 1.e. it is the 
pealing of thunder which warrants the inference. He again says (Vais. Sutr. V, 2.11) that the 
rolling of thunder results from conjunction with water and disjunction from a cloud. Here, it is 
fully evident that the great sage knew that thunder is caused due to impact of positively and 


negatively charged clouds. 





aa asad flesacd do: Bard || Vais. Sutr.V,2.8 || 
a feat yfereT4 || Vais. Sutr.V,2.9 | 
ami warnfeartred eet: || Vais. Sutr.V,2.11 11 
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Discussing the falling of raindrops and flowing of streams, he further presents causes of falling 
of water resulting from gravity in the absence of conjunction (Vais. Sutr.V,2.3) i.e. falling of 


water in the form of rain, has gravity as its non-coinherent cause. 


aor ward Yor Tat || Vais. Sutr.V,2.3 | 


In the verse V, 2.4, it has been said that the distant progression of the stream or great aqueous 
whole composed by mutual conjunction of the fallen waters or raindrops, is produced by fluidity 


as its non-coinherent cause and by gravity as its efficient cause. 


sod Caet4 || Vais. Sutr.V,2.4 || 


The phenomena of evaporation, cloud formation, classification of clouds and their relationship 
with winds or regions of atmosphere (aicdt#-4) are also quite satisfactorily discussed in several 
Puranas (Vayu Chapter 51, Linga Vol.I, Chapt. 36, Matsya Vol.I, Chapt. 54). Describing the 
general genesis of clouds, the Vayu Purana (51.22-25) says that there is moisture content in all 
the movable or immovable objects of the world and due to insolation or Sun’s rays, evaporation 


of that humidity takes place, and this process produces clouds. viz. 





ar doilfeiaraearacd waaay || Vayu,51.23 || 





Fart Grecfedkataen ured | 
ara Teqoreda aearAy yerfeenr: | 
et Tar: PARSATARas ae way || Vayu 51.28 || 





SHIRT: WEARS TET T TT | 
wha gferarar & waged aaRerar: || Vayu 51.29 || 





ye aa do AST AAA VaeT BAT: | 
fedrd vad ay Ferd g wafsrar: || Vayu 51.36 11 


The above verses say that those clouds which give or sprinkle water are called #4 and which do 
not bring any rainfall are known as 314. There are three types of clouds (1) sa (2) aeHat (3) 
uatat. These are connected with cyclonic (thermal and insolational), convectional (occurring in 
northern continents, Siberia and equatorial regions) and orographic (occurring and proceeding 
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from mountain flanks) types of rainfall respectively. According to above mentioned Puranas, 
ara occurs in the winter season and it is devoid of lightening and thunder and is of immense 
expanse and found in the mountain foots also. It brings rainfall within a radius of a mile or two. 
This description approximates most to the Nimbus of modern days. The Brahmaja (s@4s1) clouds 
are produced due to convection currents. In precipitation they cover an area of radius of nearly 
a yojana (five or eight miles). Most probably these are cumulonimbus. The Puskara-Vartaka 
(qepxrac) clouds originate from or in the wings of mountains (tera1). They assume various forms 
and produce deep rumbling sound. They are full of profuse water and bring excessive rainfall 
which is extremely destructive. This description conforms to a large extent to the modern class 


of altostratus. 


The Matsya Purana (Vol.I, Chap.54) furnishes still more elaborate and scientific information 
regarding clouds. It says that the clouds sft4q is the cause of life. These clouds remain suspended 
on the air called Avaha. They change shape and goes up a yojana, from there form into rain hence 
they are called the source of rain (Verse 10). If the shlokas 17,18 and 19 are interpreted 
symbolically, they give other four classes of clouds expressed by the nomenclature a, Uda, 4a 


and #rf. Then in the Verse 17 can be recognized further four classes of 7 clouds. 


fayaqreatiga udade yaa | 
orga a d Far wear vita wera: || Matsya,154.9 || 





fede sas argteared caftrafarar: | 
sdaerarared seagfarparstt || Matsay,1,54.10 11 


aera ya: WaSTAPaSTIT: | 
qu sted Yoragacdezdd ferro: || Matsya,1,54.17 || 





Tort Udarrod FET ATA: Ge | 
aoe fear aor ae Faq 11 Matsay,1,54.18 11 





Parjanys (asia) and fess rain in the season of @4=1 and they are very useful for agricultural 


growth is spoken in the verse below: 
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Gora fesrongda Saat VlTaAray | 
gqeray ayia get gufagga || Matsya,I,54.19 || 


Process of condensation and precipitation on hygroscopic nuclei are very carefully described in 


a nutshell in the Matsya Purana (1,54.33) as: 


fraeecaray Fela: Yoon: Yaceqeear: | 
sR: WadrararganryaikRar: | Matsya,1,54.33 || 


Meaning: “the waters from the (vapours) of the clouds when brought into contact with the wind 


(namely hygroscopic content of the air) fall in the shape of rain”. 


The Vishnu Purana (IL,9.11-12) very scientifically enumerates the four sources of atmospheric 
moisture, “the glorious Sun, O Maitreya, exhales moisture from four sources, namely — seas, 


rivers, the earth and living creatures,”. viz. 


AU WOU ATA AAAI: | 
Geen orerciad Ayarare fader: || Vishnu, I1,9.11 || 





PRA SA TaTG: GAPE TaT: | | 
aque warted Uda F411 Vishnu,IL9.12 11 





The celebrated poet Kalidasa (100 B.C.) also knew a lot about clouds and the allied phenomena. 
He defines cloud thus “it is an assemblage of smoke, electricity, water and air” (Purvamegha 
Verse 5). At other places (Purvamegh, Verse 6) the poet names two types of clouds namely Jxpx 
and aad 





asia: uferertedt God: a AE: | 
See a ueHeel: wifey: yrovitar: || Meghadutam,Purvamegha.5 | | 








ord agi yaatafed yeperadart oy cai vafyes ared qa: || Purvamegha Verse 6 | | 


The Mricchakatika (600 AD) refers to a kind of cloud ef (X.26) from which the rain streams 
forth as from a bucket. In another context, the famous drama refers to a special type of rain 
alrite streaming forth as from a trough (X.39) viz. 
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araadfad ret aremarenRerdt AR | 
sargitcedt wet sre gatfed: || Mricchakatika, X.26 || 


HUAygad MA Ayre Ale | 
sighed ue srgiteRarra || Mricchakatika,X.39 || 





Four types of clouds in all have been spoken of by Kalidas. They are stad, Wad, yee and 31. 
The Avarta brings no rainfall; the Samvarta gives an abundance of rain, the Puskara causes flood 
of rain and the Drona is most congenial to agriculture and mankind. This is stated in nutshell in 


the following lines — 





aradt froteit FE: Gadazd Tea: | 
GPR GPT SIT: ARATE: | | 
Kalidas Granthavali, Abhidhan Kosh, P.154 || 


In the library (Saraswati Bhavan Pustakalaya) of Sampurnand Sanskrit University, Varanasi a 
manuscript treatise entitled as 4a4tet is available. As the very name suggests, it is a work on 
climatology and more specifically science of clouds. On the basis of content and style of dialogue 
Tripathi (1969) tried to establish that Meghamala is a part of esTaAteida4q (around 900 AD 
around). 4a4Tet1 has 11 chapters. The first chapter of 4a4Te opens with the enquiry 


FRY Hewes py flere | 
alee Dred J mi aI Hee | | 
(Meghamala, Manucript No. 37202, Sampurnand Sanskrit University, Varanasi) 


The first chapter deals with what are clouds, how lightning is produced, what are nature, texture, 
ingredients and colours of clouds. Later in the Verse 20,21,22 is expressed, in their conventional 
Indian style, that the mountains control clouds. From Verses 32 to 68 we gather that there is a 


larger division of clouds comprising twelve species and designated as 1. Ygy 2. Ale 3. HUT 





4. UY 5. ARYA 6. del 7. Ghd 8. URdd 9. SAI 10. Tere 11. THe and 12. fay~yyy. But no 
scientific detail of these is furnished. The Chapter II enumerates various types of years, refers to 
their rainfall and discusses the economic characteristics or conditions of each of them. The II"? 
chapter dwells on astrological influence on rainfall, climatology and economic condition of 
people, state of plenty and scarcity and production of various crops. VIII chapter aspires to 
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discuss the nature of rainfall and other meteorological conditions in the twelve months of the 
year. About the Kartika (October — November) the author says that during this month scattered 
clouds of varied colours occur. In Pausa (December — January) if sky is over cast with clouds, it 
is a very good symptom. If the month of Magha (January — February) is not normally cold (or 
has no frost) there occurs scanty rainfall in Phalaguna (February — March) northeast wind brings 


good downpour. 


AIRY AR qel afd Greet THT | 
fo ad fe ut gad wer ret safe | | 





onde Yoo Ararat usTourher ay wag | 
sary eacaonty Lacon At Aa | | 


ofaarif ar Aer fe Qwravizs wd | 
HII Ade AHIMA ATT | | 








tT Aretufedt eit wise Hot + giead | 
aera ofa ae Sareea Aa | | 





dear efa afavara after earda a | 
Ydieoranst WAIT Geryet4 || Meghmala, Page 14-38 | | 


In the chapter IX of Meghmala there is discussion on clouds, winds and lightning. Firstly, it 
discusses the correlation of rainfall with different shapes and directions of lightning. Then we 
are told that north-east wind is conductive to prosperity, southerly does good to people, south- 
west wind causes misery, westerly is much beneficial for the higher production of rice, northerly 


is also favourable to the good of people, and it produces a condition of plenty. 


ad fagerrrmden afaqar crerenfeett | 
afer Wed GR Ase araafeste || 





gta qa oad ost az: | 
afar g asad Aes | Gal Ade | | 





areca fears aaa WAT | 
Sey YA ef Vere wdaare: || Meghmala, Page 47-48 || 





42 


The chapter X of Meghmala deals with the propitiation of clouds and apart from repeating the 


twelve species of clouds, already mentioned, adds another classification of the same comprising 





seven species designated as ag¢, ale, PIR, atom, wud, Rafae and olfear. 


The encyclopedic Tantrik literature also does not lag behind in supplying information on 
hydrology. From the Tantraloka of Abhinavagupta, we can find out some important 
climatological and meteorological facts. In its Ahnika designated as ¢ymeayare are described 
winds, clouds, track of winds and the allied phenomena (Vol. V of the Tantraloka) (Tripathi, 


1969). It refers to ten air channels (aTgu21) which are perhaps peculiar to only this text. Those ten 





air channels are 1. faa 2. seag 3. dug, 4. ded 5. Yad 6. fasract (guia) 7. Wide 8. side 9. HElde 
and 10. Heads (Vol. V,121.138). These are arranged in space according to increasing height. 
The outstanding Tantrik work recognized ten types of clouds 1. qe4a 2. uiftras 3. favarkavt 4. 





wore 5. Wat 6. see 7. URPX 8. vig 9. ghd, and 10. Herma (Hurcice). These types also occur 
according to the increasing height. It is perhaps for the first time in Indian literature that 
establishes the height of clouds. It reveals that different clouds occur at different level in the 


atmosphere. 


The Jain literature also made a considerable contribution in the field of meteorology. The 
‘Prajnapana’ and ‘Avasyaka Curnis’ provide outstanding references to the various types of winds 
(Tripathi, 1969). The Avasyaka Curnis furnish a list of fifteen winds (9-7/913) as: 1. ¥rdlare 
(easterly) 2. séla4 (northerly) 3. eférara (southerly) 4. ocx dee (northerly blowing from the 
front) 5. Garey (undefined) 6. afer ydgux (southerly strong wind) 7. suveférrdtora (blowing 
from the south-west) 8. suxdicra (westerlies) 9. sxXicrTsi4 (north-westerly hurricane) 10. 
waRarege (unknown) 11. earr Warege 12. Yagae 13. afar and was sora 14. uRarToy (western 
storm) 15. BcXFTot4 (northern strom). Later in the same continuation tornadoes are referred to as 
@ifeepra. This vocabulary had influenced the Arabian geographers and navigators and they 
readily absorbed several of these Indian technical terms in their own language (Motichandra, 


‘Sarthavaha’ (Hindi), P.202). 
The ‘Prajanapana’ also refers to snowfall (f@4) and hailstorm (@x@) (1.16). The ‘Trilokasara’ 
(Passage 679, P.280) of Nemichandra says that there are seven types of #ree (periodic clouds). 


They rain for seven days each in the rainy season. Then there are twelve species of white clouds 
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designated as 21. They also bring rain for seven days each. Thus, the season of rainfall extends 


over 133 days in all. 


The Buddhist literature also throws significant light on meteorology. In the narrative of the first 
Jataka, named ‘Apannaka’, several climatological facts are described. In ‘Migalopajataka 
(Cowel, Eng. Trans. Vol. III, P.164.), two violent storms are mentioned as @Tefatd (black wind) 
and avarrd (Tripathi, 1969). The latter is said to belong to the upper air (Samyutta Nikaya, Eng. 
Trans. XVII. 1-9, P.157). The Sumeru mountain was frequently visited by a violent hurricane 
(scledarad or extratd) (Mahamorajataka No. 491, P.333; Harit Jataka No. 431, P.497). It 
resembled whirlwind in movement. In ‘Milinda Panho’ hot wind or Loo is spoken of as data 
(Eng. Trans. Vol.II,IV,6.35, P.86). ‘Aryasura’ names four types of winds ffaatiet (Monsoon), 
avsiia (tempest), scadad (hurricane) and yzaresary (westorlies) (Jatakamala, ed. by H. Kern, 
10.29, P. 90, 127, 133). In the ‘Vinaya Pitaka’ (III, V.9.4,P.85), whirlwind is called aaausciter. 
The Divyavadana’ speaks of some kinds of hurricane as @tfer@rarat (Vol.IL,P.41), and of storm 
accompanied by rain as aav4 (Vol.II,P.163).The ‘Milindapanho’ (IV.1.36) says that there are 
four types of rainfall: 1. of rainy season 2. of winter season, 3. of the two months 31T¢ and #144 
(July and August), and 4. rain out of season. At a glance, it can be seen that the classification is 


fully scientific. 


The Buddhist literature refers to two general classes of clouds as: #te4a (monsoon cloud) and 
aererta (storm clouds or accidental ones) (Mahavastu Vol.II, P.34, Tripathi, 1969). The 
Samyutta Nikaya classifies clouds into five categories (Vol.II, Book XI, 32.1.1, P.200), 1. 
Baaetem (cool clouds),2. HxTacen (hot clouds) 3. swaerew (thunder clouds, it can be identified 
with cumulus), 4. addetee (wind clouds — perhaps clouds formed due to the activity of 
convection current in the atmosphere) and 5. aSacrem (rain clouds — most probably 


cumulonimbus which brings copious downpour of rain). 
Thus, we see that the Jain and Buddhist texts (before 400 B.C.) have a very scientific 


classification of clouds and winds that can be compared with the modern meteorology. So much 


of subtle observation at such an early date is a golden achievement of ancient times. 
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Variation of Rainfall 

According to the Matsya Purana, to the north and south of the snow-clad mountains (fe4aa) 
occurs the yvg cloud which greatly increases the stock of rain. All the rain formed there converts 
itself into the snow. The wind on the fé4ad draws by its own force those snow flakes and pours 


them on the great mountains. Beyond the fé4ad there occurs little rain (Matsya, I,54.22-25). 





VORA wysaed “ew sft A Act | 
alec frRuret eqare sft ya: || Matsya,I54.22 || 


safer: Sortie da afer | 
gos AM waren werrgite fagga || Matsya,154.23 || 








aaa Wadd ay a WRAqeHA | 
dat fesadt argfes aa wyeyay || Matsya,154.24 || 








amacaearatrst Pasar? AeATRa | 
feqarmaftser gfexty ad: ue || Matsya,I,54.25 || 


Thus, there is a reference to a very important geographic fact of scanty rainfall or arid condition 
of the Tibetan plateau. The study and knowledge of this fact is really creditable on the part of 
those ancient Indians. The Linga Purana (Vol. I,36.38.39 and 49) says “it is the Yae wind or air 
current which makes the clouds produced by smoke and thermal activity full of water, so that 


the clouds Puskara (GX) and Uetot give copious rainfall”. 


CeRAMy RY TRERTedr sparta | 
a a wed areca ¢ aRarRcawiatarargar a1) Lings,1,36.38 11 





ad gartaaciat earrecaqerd | 
ani aera: WEAR || Linga,I,36.39 || 





faRares arsa: ud waseHesiet: | 





veto: Gaxraga asife a yar wel! Lings,1,36.49 || 
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Modern meteorology tells us that polar winds actually never bring any rainfall in the year in the 
region under their influence — flanking poles or Tundra, and only scanty summer rain occurs in 


those areas due to the sweeping of strong westerlies. The same fact is stated in the Puranic line, 





gamfattedt argfdtt weed ga: 11 Matsya,Vol.1,54.36 11 


Meaning: the air from the Pole drives away the rain, 


The Vrhat Samhita and Mayuracitraka by Varahamihira are two very important treatises which 
are replete with climatological and meteorological information. Although they abound in 
astrological guesses, they contain sufficient scientific facts also. In the Vrhat Samhita, there are 
three chapters (21%', 22"? and 23") on climatology and meteorology and they treat the subject in 
their own ancient conventional style. Here only the salient features of the chapters are being 


presented. 


The verses 23 and 24 of the chapter 21 of Vrhat Samhita state that extremely white or dark clouds 
resembling aquatic animals like huge fish, shark or tortoise and seen before the rainy season are 


a source of abundant rainfall viz. 





QA RTA APART AAAS OATAT: | 


TORECTORI TAY GAT: WAtoteM: || Wr.S.21.23 11 





Hafearpefpeonficatar Aeeareal Veray: | 
eta sd IRIPfagorUIaT: wearer || Vr.S.21.24 || 





The verse 31 discusses the conditions or meteorological ingredients which determine the spatial 
expanses of rainfall, though it appears to be of little value from modern meteorological point of 


view. 





usafftrd: waar degiaperad: | 
atta uoofaengutre at wr: || Vr.S.21.31 11 
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From chapter 22, it is gathered that fleecy and thick clouds give abundant rainfall which is very 
congenial to agriculture. Again, if clouds situated in the east, south and north sail towards south, 


west and north respectively, they cause fine and copious rainfall. 





eae: Re aerate foe: | 
gftesraft fasta udeearerateret || Vr.S.22.7 | 


Fer. Raven: Pearse warferorrfeafsar: | 
dat warsedt ite: udeenigga || Vr.S.22.8 | 


In the Mayuracitraka, it is stated that scattered clouds devoid of lightning are harmful to people 
and those of red and white silken or golden or Kraunca bird’s hue, embedded in the atmosphere 
and fleecy in texture are always beneficial to the people. Causation of fog or mist in Pausa 
(December—January) is conductive to good rainfall. (Sampurnanand Sanskrit University, 


Library, Manuscript No. 34332, Page 36-37). 


TET HORT FHT fl cTATRHA | 
CAA FRITS BATA TS ITOH | | 





Discussing the conditions determining rainfall, it says that if there is no frost in Magha (January— 
February), no vigorous wind in Phalguna (February — March), no clouds in Chaitra (March— 
April), no hailstorm in Vaisakha (April-May) and no scorching heat in Jyestha (May-June), 


there is insufficient rain in the rainy season (Above manuscript, Page 17 -18), viz. 





are fee 4 vale are aft 4 a wre | 
Ta gad da wed 7 II 





Oral Hea + deed Ys avsrad + fe 
carftgqest gfe: Ca WasaHTe A GN: | | 


If Sun is hot in the morning, its light during the day is of yellowish hue and clouds are fleecy 
and dark-coloured, the conditions result in good rain. Similarly, if the Sun is hot in the morning 
or at the time of rising and scorching at noon and clouds have a pigment of molten gold, rain 


occurs during the very day (above manuscript, Page 18). 
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wrgenret Ter Yat Hears | Gel AIT | 
defer gftee: vradl yet CARAT: | | 


If water appears to be dull, clouds are of the shape of mountain, quarters are clear, the sky is of 
the hue of crow’s egg, there calm in the atmosphere and aquatic animals like high and others 
disappear in the bottom and grogs make loud noise, very fine and copious rainfall comes soon 
(Manuscript No. 34332, Page 18). Further, if the texture of the clouds resembles the wings of a 


Partridge, rainfall occurs. 


Gar wei a fara aa afar | 
fesea faren: Wal: Hrersrt Get Ay: | | 








4 al aft Was: Waa: were Bar | 





wee Hater HeHrRedtal Ce gfeaeray | | 


Thus, it is evident that Mayuracitraka has attempted to formulate principles for forecasting 
rainfall variation through the observation of natural phenomena and the synchronization and co- 
relationship of the two. The symptomatic synchronization in the realm of nature is often 
governed by laws having mathematical accuracy in which intuition of the animate (birds and the 
animals) and scientific cause and effect relationship of events form the accurate base, provided 
the observation has been made very carefully. In those ancient days, when advanced meteorology 
and its complicated computations, computers and other cybernetics and servo-mechanic 


contrivances were unknown, this was of special significance and most probably the only method. 


Measurement of Precipitation 

The amount of precipitation in the form of rain is usually determined from the accumulation of 
water collected in a rain gauge; and several types of recording instruments are routinely 
employed for the purpose. There are strong proofs to establish that the system of measuring 
rainfall was introduced by the Mauryan rulers in the Magadha country (south Bihar) in the fourth 
or third century B.C. and they are credited with the establishment of first observatory. The system 
was continued to be practised effectively by the succeeding rulers until the end of the sixth 


century A.D. (Srinivasan et al., 1975). 


During the Mauryan period, the raingauge was known as ayiam. Kautilya describes its 
construction in these words “In front of the store house, a bowel (Kunda) with its mouth as wide 
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as an aratni (24 angulas = 18” nearly) shall be set up as raingague (asf4r4) (Arthasastra, Book II, 
Chapt. V, P.56 Shamasastry). A schematic of the modern raingauge is shown in Figure 3.2. By 
comparing the dimensions of the ancient Indian and Symon’s raingauge, one can easily infer 


about the level of knowledge possessed during that period. 





Figure 3.2: The Symon’s raingauge (Modern raingauge) (Source: Raghunath, 2006) 


The distribution of rainfall in various areas was well known at that time. A reference from 
Kautilya’s Arthshatra can be cited here as: “'The quantity of rain that falls in the country of 
jangiila (desert countries or countries full of jungles)is 16 dronas; half as much more in 
anupanam (moist countries); as the countries which are fit for agriculture (desavapanam); 13.5 
dronas in the countries of asmakas (Maharashtra); 23 dronas in Avanti (probably Malwa); and 
an immense quantityin aparantanam (western countries, the countries of Konkan); the borders 
of Himalayas and the countries where water-channels are made use of in agriculture”. Kautilya’s 
method of classification of rainfall areas in relation to the annual average quantity is indeed 
remarkable and he is the only classical author who treats this aspect in a nutshell covering almost 
the whole of the Indian subcontinent (Srinivasan, 1975). From this, it is evident that the spirit of 
the methodology of the measurement of rainfall given by Kautilya is the same as we have today, 
the only difference is that he expresses it in weight measures (Arth. Chapt.X XIV, Book II, P.130) 
while we use linear measure nowadays. Discussing the further geographical details of rainfall, 


66. 


he observes “when one-third of the requisite quantity of the rainfalls, both during the 
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commencement and closing months of the rainy season, and two third in the middle, then the 


rainfall is considered very even (G34TeU4). 


As can be easily expected out of the agricultural necessity, the science of forecasting the rains 
had also come into existence and must have been developing empirically. It is further mentioned 
in the book Arthshastra that “A forecast of such rainfall can be made by observing the position, 
motion and pregnancy (garbhadhan) of Jupitar, the rising, setting and motion of Venus, and the 


natural or unnatural aspects of the Sun. From the movement of Venus, rainfall can be inferred”. 


Discussing the classification of clouds and interrelationship of rainfall and agriculture, it is 
further added that “there are clouds which continuously rain for seven days; eighty are they that 
pour minute drops; and sixty are they that appear with the Sun shine”. When rain, free from wind 
and unmingled with sunshine falls, so as to render three turns of ploughing possible, then reaping 


of good harvest is certain. 


The author of Astadhyayi, Panini (700 B.C.) refers to the rainy season as urgs (IV, 3.26; VI, 
3.14) and asf (IV 3.18). The former was the first part of the season. These two parts were known 
as Ud asf and saxayt @rauarasect: VII 3.11). He also refers to avy (III, 4.32) as: 


ay WaT aielugararearaeay || Astadhayai,II,4.32 || 


Citing examples for measurement of rainfall Panini further writes T74¢y geet ea: (rain equivalent 
to depression created by hoof of cow), ¥amy get ea: (rain equivalent to fill the furrow created 


by indigenous plough). It is evident that the 77¢ was the measure of the lowest rainfall. 


Like Kautilya, Kanad and other precursor authorities such as Varahamihira also describe the 
device of the father of the raingauge and tell us how to measure rainfall from it. In Verse 2 of 
chapter 23, he states that constructing a circular bowl (™SH4) measuring one cubit, one should 


tell the amount of rainfall, viz. 





Sede HUsHAcarguariyey: | 


Gores qa ufat|! Vr.S.23.2 11 
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For calculating rainfall he adopts weight measures of pala, drona and adhaka (4 sea = | gr = 
200 ua, and 1 sem = 7 lbs. nearly). For measurement, rain water received in the bowl during 
the actual falling should be measured. The distribution of the rainfall according to time is 
discussed in the verses 6,7,8 and 9. These verses of Vrhat Samhita specify the amount of rainfall 


in various lunar mansions as: 





SRT AAS ST STU: | 
WAAAY AIR: Hedory eT: || Vr.S.23.6 || 





TIT ATTRA TAY TAT ATYCT: | 
wap uodafe: gadar fagifeston: || Vr.S.23.7 11 








Vara ded a faeifa are eer aareranr | 
siegeurmnranreay, usaepfa: | Vr.S.23.8 || 





wae ge a afer afery ear gt a 
Vexre Har een frecerasd || Vr.S.23.9 || 





In chapter XXXV, he says that phenomenon of rainbow is the result of spectro analysis of Sun’s 


rays through clouds in the atmosphere. (XXXV.1) 





wes fafa: vada frarefear: ae: ry | 
foafe ay: Gar Y ezard afewerg 11 Vr.S.35.2 11 





Parasara knew the contrivance of primitive raingauge and method of measuring the quantity of 


rain received (Vrhat Samhita, Chapt. 21, Garbhlakhsnadhyaya). viz. 





ASHSA BOTA FLT TAT: | 
ay: wart fea feare srorrasory | | 





agfdars. Fore feagvnrs. wT eilfeed | 
WSs ayrGayy, sasrenatry || Vr.S.between 21.32 and 21.33 11 


Epilogue: 
From the various discussions presented in this chapter, we note that the knowledge related to 


cloud formation, precipitation and its measurement was of outstanding order in ancient India. 
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Condensation of evaporated water which is facilitated by the presence of dust particles etc. 
(which acts as nuclei as per modern meteorology), effect of yajna (asi), forests, reservoirs etc. on 
the causation of rainfall and the classification of clouds alongwith their colour, rainfall capacity 
etc. are thoroughly described in ancient Indian literature like Vedas, Puranas, Vaisesika Sutra, 
Astadhyayi, Arthasastra and Puranas. The forecasting of rainfall on the basis of natural 
phenomena like colour of sky, clouds, lightening, rainbow etc. was noteworthy. The instruments 
for measuring rainfall were developed and the principles were same as that of modern hydrology 


except that weight measure of Drona, Pala etc. were used instead of modern linear measurement. 


The Indus civilization was able to find the seasonal variations in rainfall and methods to check 
the Indus floods. During the Mauryan period, it was possible to describe the distribution of 
rainfall in different areas of India and they are credited with the installation of first observatory 
worldwide. Modern meteorological facts like arid region of Tibetan rain shadow area and no 
rainfall due to polar winds are fully advocated in Puranas. The Jain and Buddhist works guessed 
the actual height of clouds. Knowledge of monsoon winds and their effects as conceived by 
ancient Indians is in accordance to modern hydro-science. These facts show that there was 
enriched knowledge of water science and associated processes, including meteorology during 


ancient times in India, which is at par to the modern water science. 
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Chapter-4 


INTERCEPTION, INFILTRATION AND 
EVAPOTRANSPIRATION 


In the hydrological cycle, water which falls as rain reappears as infiltrated water, runoff, surface 
and underground water storage. This is also called as rainfall partitioning in modern hydrologic 
literature. The surface and ground water reservoirs are constantly getting replenished by recharge 
(precipitation) and depleted by evapotranspiration. The concepts related to the various 
components of rainfall partitioning were well conceived by the ancients Indians. This chapter 
briefly discusses about the ancient knowledge in this field as available in the Vedas and other 


ancient Indian literature. 


Interception and Infiltration 

Interception is the part of the rainfall that is intercepted by the earth’s surface and which 
subsequently evaporates. Interception can amount to 15-50% of precipitation, which is a 
significant part of the water budget. One can distinguish many types of interception, which can 
also interplay with each other (Geritts, 2010). The term infiltration is used to describe the process 
involved where water soaks into or is absorbed by the soil (Horton, 1933) and it is one of the 
important components of the hydrologic cycle. In the hydrologic cycle, water from the oceans 
and various surface bodies on the land evaporates and becomes part of the atmosphere. The 
evaporated moisture is lifted and dispersed in the atmosphere until it precipitates on the land or 
in the ocean. The precipitated water may be intercepted and used in transpiration of the plants or 


may run over the ground. 


Some references to interception are found intermixed with other topics in ancient Indian 
literature, such as explaining the effect of forests and vegetation on rainfall, cloud formation and 
environmental purification. Taithiriya Samhita mentions the effect of forests on causation of 


rainfall (TS. II, 4.9.3) 


dratargen feat gRera wel ayy a ules 
aT Uy aieeiat wal aerearey vdleeray adel 
aeng vareetaar gf fr qafe| TS,1,4.9.3 11 
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The verses 184.15-17 of Mahabharata state that the plants drink water through their roots. The 
mechanism of water uptake by plants is explained by the example of water rise through a pipe. 
It is said that the water uptake process is facilitated by the conjunction of air. This clearly reveals 


the knowledge of capillary action of soil in movement of water up and down as: 


Ure: Ufo ererat aft <erarc | 
emtotathacared frat wrt gA1| MB.XII,184.15 11 





TEI Balled WeaTeeT | 
dar varyad: ore: fafa ureu: | MB.XIL184.16 11 





As far as infiltration is concerned, the scholar, Varahamihira clearly reveals it in the opening 
shloka of the Vrhat Samhita. Verse I tells us that at some places water table is higher and at 


others it is lower as: 





gai aared Reread feral werden: (Vr.S,54.1) 


It implies that the water veins beneath the earth are like veins in the human body, some higher 


and some lower. Verse 2 reads like this. 





Ved Ti Wa Teg THA aTgefasrarc | 
AAReed TeMiai a wed Wed fafrgesaa || Vr.S.,54.2 11 


It says that the water falling from sky assumes various colours and tastes from differences in the 
nature of earth. Thus, it implies that the infiltration of rainwater is the source of groundwater. 
The ground water is a complex function of rainwater. Rainwater originally has the same colour 
etc., but assumes different colours and tastes, after coming down to the surface of the earth and 


after percolation. 


Three verses quoted by Bapudeva Sastri (in Sindhanta Siromani by Bhaskaracharya, Part IL, 
Goladhayaya, Tripathi, 1969) belonging to an era prior to 1200 A.D., provide scientific details 
of the phenomena of fog or mist (for which the term xa: Wefe has been used). The verses purport 
to say that at the end of rainy season dissipated clouds (moisture) hang near the surface of the 
earth and eclipse mountains, trees, vegetation cover or gardens and disappear through the activity 
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of air and heat from these surfaces. This clearly reveals the fact of interception by earthy 


materials, vegetation etc. and its disappearance with time by the activity of air and heat. 


Evapotranspiration 

The phenomena of evaporation and evapotranspiration and its interrelation with other 
hydrological processes were well understood by ancient Indians as evidenced by Vedic and other 
ancient literature. In Rig Veda (I, 6.10) it is mentioned that the sun ray breaks the water contained 
in the earth and other materials into minute particles, then these minute particles ascend by air 


and form clouds as: 


sot ar uifesse feat ar orfstareter | 
om Fela ort 1| R.V. 16.10 11 





Tal ages fed Cares: Yyaraaa | 
seas Rrra: wel aa War faed 4 ores Veet) | R.V.1,105.12 11 





The verse 1,105.12 of Rig Veda says that the water from the sea etc., evaporates due to the heat 
of Sun rays, which is the primary cause of rain formation. The same fact is revealed in the verse 


IV, 58.1 of Rig Veda as: 


RySTgayal SaRguyA VYAASAME | 
gees aM Wed veka forer caqayqaey aly: || R.V.IV,58.1 11 





The verse VIII, 72.4 of the Rig Veda says that the atmospheric air gets heated due to Sun, then 
this heat reaches the Earth and converts the humidity into vapour and collects it as clouds, which 


is the cause of the rain and food production as: 


TRIAS TIA SAVES | 
we forgaraaed || R.V.VI,72.4 11 


Like Rig Veda, the Yajur Veda also contains some knowledge about evaporation along with 


transpiration as: 


ed qaeafacatts gare eal Cangas! | Y.V.,28.43 || 
eat eddaeafe fees ayers: yftarct caferatad || Y.V.,28.20 | 
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It says that the vegetation attracts water from Earth and evaporates it to the atmosphere due to 
heat, wind etc. to form clouds. Similarly, Atharva Veda (IV, 25.2 and IV, 27.14) says that due 
to universal Sun and air, the water goes to the sky and comes back as rain. The evapotranspiration 


is caused due to Sun rays and wind as: 


wen: Ceara aka ufsfahsy aerat Voit yfocraraer | 
aa: we Aras Gea dt al qsadee: || A.V. 1V.25.2 11 





am: waste feagqedera fearghraa a quia | 
a arate awards oat years: || A.V. 1V,27.74 11 





The versa I, 173.6 of the Rig Veda states that the atmosphere encompasses the Earth. 


O alee afear qa aay Veet Gal Arey | 
a fier sat got 7 et afd wera stoesa aq | R.V. 1,173.6 11 





The solar phenomena are associated with the vault of the sky or heaven, while lightning. Rain 
and wind are referred to as occurring in the atmosphere (R.V., IV, 53.5, HI., 56, I., 108.9-10) but 
it is doubtful whether the Rig Veda knew or guessed exactly the limit or the vertical height of 


the atmosphere, from these verses: 


Sear WAT eat HIATT eT: | 
aa: oR georar fe arse aay flad Yaets| R.V.1,108.9-10 || 





ae ani vol serfraredd uffesya ara sty: | 
frat wereRReeReager g fed ewer! | R.V. WL, 56.2 11 








at ere Revaka: oda Prarafaeay aac | 
FATRAIRAA seararr feat fred wear: 11 R.V.,TL56.5 || 





Braet uftar afecaar at Yor oRepesier erat | 
fran fea: cferdiReres safe Aftsdett ar xref aT!) R.V.IV,53.5 || 





We read “Savitr (the Sun) encompassing them by magnitude pervades the three divisions of the 


firmament, the three world, the three brilliant spheres, the three heavens, the three-fold Earth. In 
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this connection a very significant question comes in to mind whether the three divisions of 
firmament denote troposphere, stratosphere, and ionosphere? Again in the triple divisions of the 
earth are we entitled to identify frigid, temperate and torrid zones, for different schools regarding 
Aryan home do recognize the Rig Vedic Aryans’ knowledge about frigid and temperate zones 
and, it is just possible that in course of their ocean voyages and advances for habitat, they might 


have known torrid zone also. 


The Vedic people were well aware that plants (or forests) had some influence on the loss of water 


and causation of rainfall (TS., I1,4.9.3). 


aatagen feat qeag wel ayer S aleaai at wy alee 
wal Gareaqvey vdlueliyar aca squay valet git fy safes) TS.1L4.9.3 11 


The concept and role of insolation is also referred to in the Taithiriya Samhita. Agni (Insolation) 


causes the rain to arise (T.S., II,4.10.2) as: 








serra word aad a arreed wrererrerpare fidaared 
wToreeapaucatad sat ge yaa ved: Yel aaa yar BY 

a srrafecat as. UM: wradde asta aaefefa wy J yar 

ava ¢ dat gear gud a vd eae wrreay eaafea at)| TS.1,4.10.2 11 











The epic Ramayana also furnishes a lot of information regarding the atmosphere, its conditions 
and cosmic regions, up to the distance of the Moon from the Earth. Entire atmospheric cosmic 
stretch was divided into nine regions, where last one is the longest. Ramayana (1.47.4) describes 


mythically the origin of the atmospheric regions. 


ape gF aa ag feted yao | 
aredt sft faearar feereur ATH: || Ramayana.1,47.4 || 


Intensive insolation and high temperature work as an agency of destruction or dispersion of the 


existing clouds is spoken of in VI.43.29 of Ramayana as: 





fifaie wettest: aetaaryar || Ramayana.VI,43-29 || 
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In the Ramayana, we read about evaporation by the Sun’s rays in general verse (II.105.20), and 


about the formation of clouds due to solar heating of the ocean (VII,32.68) as: 


arafe svar, wet oferarera: || Ramayana,II,105.20 || 
Vay saw wreriAarget || Ramayana, VIL32.68 || 


The insolational heating of the ocean water is also referred to in the Verse VII.25.30 of 


Ramayana. 





CeIRAICAHG AAT AAT ST UTS: | 





at sre eee: Ge: Grater: || Ramayana. VII,25.30 | 


In the twelfth skanda of epic Mahabharata, the atmosphere is divided into seven regions (Skanda, 
Spheres) and they are discussed in considerable detail. The wind named as 3ae¢ (M.B.XII, 
328.37), blows with a loud noise. Another wind which drinks up water from the four ocean and 
having sucked it up gives it to the clouds in the sky and subsequently to rain god is called uge 
(MB. XII, 328.38-39) as: 





SR Srerraea fayer wage Aerefe: | 
arael ara ware fede: sreat aeaq || MB.XIL328.37 || 








saa wares ereaa aad GUS z: | 
aeey arart & defeat afer: || MB.XII,328.38 || 


aeAG Mya ATYTALIY TTS | 
sEclead aot sikyrarae Ft: || MB.XIL328.39 || 





Apart from the wind, the sun was realized as the main cause of evapotranspiration. The Vana 
Parva tells us that the Sun evaporates moisture from all plants and water bodies and causes 
rainfall (MB.III.3.49). The epic informs us of various types of clouds and atmospheric layers as 


well. 





carey fecal frarat wdefeara | 
warrant a gaashy ysakt || MB.IL3.49 || 


Peetartd ad ct svat eat: 1) MB.II.3.59 || 
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Kanada in his Vaisesika Sutra (Vais. Sutra., 5.2.5) explains the cause of evaporation of water 


thus, “the Sun’s rays cause the ascent of water, through conjunction with air”: 


agal ay Waray || Vais.Sutr.5.2.5 11 


Kanada was also acquainted with convection currents in the atmosphere which he refers to in 


very scientific terms as: 


Aeanicnegeadt Garired || Vais.Sutr.5.2.6 11 


Author and commentator Sankara Misra (1600 AD) has beautifully explained this and illustrated 
it with the example of a kettle of water heated from below (Tripathi, 1969). It conclusively proves 
that the great philosopher Kanada knew that the Earth is heated by sun’s rays through radiation 


and convection currents in the atmosphere. 


Various Puranas inform us that there are seven regions or layers (4Ic&h=4) in the atmosphere or 
there are seven types of winds (Vayu. 49.163). Narada Purana speaks of seven air channels 
(60.13) viz. atdargartt, Kurma Chapt. 41.6-7 also reveals same thing with little variations as 


described here: 





Waa Uae: farcit | 
Ue Cae aa: UsIeAAea feo: || Vayu.49.163 || 


ards: Waerdd TdayaS: FA: | 
wael fraezda agaed warearage: || Kurma.41.6 || 





aan uRagsda gard aa aya: || Kurma. 41.7 || 


The phenomena of evaporation, cloud formation and their relationship with winds or regions of 
atmosphere (ditt) are quite satisfactorily described in several Puranas (Brahamand Vol. II, 
Chapt. 9., Vayu. Chapt. 51, Linga, 1,41, Matsya, 1,54) and a full-fledged separate chapter has 
been devoted to them in these topics, which positively evinces that due importance of this branch 


of meteorology was realized. Some of the verses are quoted here as: 
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aaa uRfasaa aon dead xfer | 
wearea: farar ¢ dred xfavae| | Brahmand, Vol.II,9.138 || 


ae a weHe: ae foseaay Heretarct | 
Carer Gata: Yat: wet wdeya || Brahmand,Vol.IL,9.139 || 


auteat fea whe: wear da fe4 aa 
BayY Torti a yarert wad 11 Vayu. 51.11 11 





gameradizad yatarges fester: | 
aTeuarer fe: w areittafearne: || Vayu. 51.12 || 





Ba: fewranerst ay WAT: | 


Od Werte Go feat wera: || Vayu. 51.13 11 





Above lines of Vayu Purana explain that the sun rays along with the air, extract water from earth. 
The Linga Purana (1,41.11,21 and 30), specifically recognizes the roll of sun rays in evaporation 


of water, which gets converted to clouds and subsequent rainfall. 


dod ores: rakes: || Linga. 141.11 11 


aaa aad Ea: rarsat werkt: | 
uitattafarisina fees gyfer erat) Linga. 1.41.11 11 


aed da WS a et: a aod Ae | 
ayaa efe a aghtei yatta || Linga. 141.30 || 


gernftrenzara: gat ¢ zea fasta | 
PPRRNY cal sargeaaaar: || Matsya. 1.54.29 || 








conhy: UdeiHys stacd waroters || Matsya. 154.31 11 


UASTERAMTA TEA WAAL: | 
caeggacearetaRads fearpr: || Matsya. I, 54.321 11 
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The celebrated Jain treatise ‘Surya Prajnapti’ has dwelt upon at length on insolation, radiation 
and reflection of the sun’s light and energy and heating of the earth and various surfaces. Its 
conception of a contribution to “albedo” appears to be something wonderful, when we take into 
account the fact that the work was composed at least nearly half a millennium B.C. The concept 
of albedo is an important aspect of modern hydro-meteorology. The evapotranspiration process 


is greatly affected by the albedo. 


In Prabhrta 4, Sutra 25, detailed discussions are there dealing with insolation or heat of the Sun 
(ara@ia), Prabhrta 5, Sutra 26 (designated as cra ufcefe, reflection of sun’s light), presents a 
detailed discussion on the phenomena of scattering of sun’s light, radiation, insolation, reflection 
and albedo and gives accurate scientific details. First, it mentions twenty theories on reflection 
of the sun’s light held by the adherents of other sects (axdifSf@rar4). Then, it refers to another 


important fact that unseen (invisible) objects also posses reflective capacity. 


In aphorism, 30 of the 9 Prabhrta, discusses about the nature of convection and radiation heating 
through the sun’s ray with reference to earth surface, water bodies and its objects and atmosphere 
and its continents. The author of the Surya Prajanapti also speaks that slanting rays of the sun 
give lesser heat and vertical ones greater heat. This is discussed with reference to the rising of 
the sun, noon and evening and different places (or latitudes). This shows that during Jain period, 


the Indians were well known about the heat exchange processes with in-depth technical theories. 


Epilogue 

The various references and discussions presented in the chapter show the ancient Indians had 
developed significant understanding about the processes of interception, and infiltration. The 
interception of water by vegetation and hanging of water particles near the surface of Earth on 
other materials was also observed, which disappear through the activities of wind and heat. The 
modern soil science tells us that the soil is composed of interconnected pore spaces. This was 
clearly realized by the ancient Indians and was compared with the veins in the human body, 
through which infiltration takes place, which is the source of ground water. Ancient Indians also 
developed a very scientific knowledge about evaporation and transpiration. That sun rays, wind, 
humidity, vegetation etc. are the major causes of evapotranspiration, was known to them. The 
ancient Indians had realized the importance of evapotranspiration as an important facet of water 
cycle, energy circulation and food production and, for maintaining the natural eco-system. Solar 


phenomena, lightening, wind, cloud formation etc. take place in lower layer of the atmosphere. 
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Atmosphere was divided in troposphere, stratosphere and ionosphere and globe in torrid, 
temperate and frigid zones which is comparable to modern meteorology. Plants drink up water 
through roots which is facilitated by the conjunction of air is alluded to in Mahabharata which 
fully corroborates the modern concept of capillarity in soil, water and plant relationship. The fact 
that plants and forests have some influence on water loss, differential rate of heating of the 
continents and water bodies, formation of convection currents and their effects were well 
understood. However, it is point of further research in the ancient hydrologic literature whether 
there were specific instruments/techniques to quantify the processes of interception, infiltration 


and evapo-transpiration? 
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Chapter-5 
GEOMORPHOLOGY AND SURFACE WATER 


Rivers are invaluable not only for humans but to all forms of life. Not only are rivers a great 
place for people, but people use river water for drinking-water supplies and irrigation, to produce 
electricity, to transport merchandise and to obtain food. Rivers are major aquatic landscapes for 
all manners of plants and animals. Rivers even help keep the aquifers underground full of water 


by discharging water downward through their stream beds. 


The knowledge about stream flow is an essential requirement for construction of hydraulic 
structures such as dams. The first major human settlements in the Indus Valley (3000-1500 B.C.); 
called Indus civilization or Harrapan civilization, demonstrated a high degree of hydraulic 
engineering skills (Pandey, 2016). After the Harappan culture came to its abrupt end, the Vedic 
age was started. According to the Vedic knowledge, all life on this planet evolved from Apah 
(water). Literary references and archaeological data from about 6" century BC onwards indicate 
the development of embankments, canals and other hydraulic works. Literature suggests that 
there were a large number of hydraulic structures built (dams, canals and lakes) during the 
Mauryan period in Indo-Gangetic plains and other parts of the country for irrigation and drinking 
purposes (Shaw et al., 2007; Sutcliffe et al., 2011). Surprisingly, many of these structures were 
equipped with the spillways to consider the flood protection measures. This chapter briefly 
discusses about the ancient knowledge in the field of geo-morphology and surface water 


hydrology as available in the Vedas and other ancient literature. 


The Rig Vedic hymns X.B2.1 and X.121.1 state that the creation had started with the origin of 
water and the cosmic golden egg (embryo) (fexvaT4) which very well fits in the geological and 
biological evolution of the earth with the water age, origin of zoophytes, primeval fishes, reptiles, 


invertebrates, vertebrates and mammals. 





aay: fter ater fe ART AAA so | 
adem Haged yd sifeacuraard suet || R.V.X, 82.1 11 








ferred: WHat AR ira: Ufa sare | 
U ae gad agai et cara efawr fae!) R.V.X,121.1 11 
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According to the Rig Veda, the earth abounds in heights, bears the burden of mountains and 
supports the trees of the forests in the ground (e741). She quickens for she scatters rain, and the 
showers of heaven are shed from the lightning of its clouds. The Earth is great (@é1), firm (§¢) 
and shining (@roj*7). 


Perhaps the Rig Vedic Aryans had the concept of knowing slopes also of a region with the help 
of rivers as indicated (R.V.IX, 88.6) below: 


ud wT sft aReyen fear 4 Herat sass: | 
gar ays Resa a Arh: Gara aff mere sql! R.VIV, 88.6 11 


Talking about the river flow whose turbulence is lost after meeting the oceans, the Rig Veda 


Says: 





VAR IYI UIT: Sa AS: YoIRT || R.V.I, 35.3 11 


In the verses IV,18.6 and IV,19.3 of the Rig Veda, it is said that the rivers are the daughters of 
sun and cloud. They run towards oceans breaking the soil, rocks etc. coming on their way. They 


flow in through zig-zap paths: 





Veal SURV aaa GTA: | 
vat fa gee forte waa Garo afsfoRter wora | R.VIV, 18.6 11 





During the Rig Veda period, Aryans were probably acquainted with the river velocity at different 
stages. One verse (VI 24.6) mentions the high speed of mountainous rivers flowing down the 


slope as: 





fa went oder yeargaaitiRarad ust 1! R.V.VI, 24.6 || 


By the time of Sam Veda, Yajur Veda and Atharv Veda, the Indians had come to acquire 
sufficient knowledge of physiography and geomorphology. This is established by the 
geographical technical terms — sug4¥ (mountain slopes, SV.II, 5.9), sf (cleft or Guy), fer 
(stony place), aut (habitable place), mre (forest having a difficult communication), ¢q (lake), 
ara (rugged lands or bad lands) (TS,IV,5.9.1). In the Sam Veda, we come across a brief but fine 
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description of a river mouth and a wave of the sea opposite to the mouth of a river sends into it 
a portion of its water (SV XIV, 4). The prithvi sukta (XII) of the Atharv Veda, furnishes a concise 
account of physiography — mountains, snowcapped mountains, forest lands, plain areas (44) and 
perennial stream or slopes (aq). Following hymn of Atharv Veda illustrates that if the water 
source is on mountains, then the river formed will be perennial and will flow with high speed 


(AV.I.,15.3) as: 


a ad derarygene: | A.V.L,15.3 11 


Similarly, verse II, 3.1 of the Atharv Veda reveals the same fact saying that the rivers originating 


from snowclad mountains will keep on flowing in summer also. 


ael ueaacracparer udard || A.V.I3.1 11 


In the Gopatha Brahmana, the nomenclature for a meandering river is faure (II.8). It was also 
acquainted with two types of springs or falls, namely hot and cold (gftcrenfaeicaty G.B.II,8). The 
celebrated epic Ramayana also reveals very rich and accurate knowledge of various types of 
geomorphological patterns. Some of the geomorphological patterns as mentioned in the 
Ramayana related to water are rivers and rills and plateaus, caverns and fountains (1I,54.42.) the 


plain tracts (II,56.11), sandy banks of rivers (Rama. II,55.31): 





URS etprePiskr || Rama. Il, 54.42 11 
wafer WI gadeftergd | yo Yeas aa france ory] | Rama.11.56.11 11 





fafrsaqacietl SARA | 





WOAH Yat Wey Tat 7alq || Rama. 1155.31 || 


Those lands watered by the Ganga have been described as dense and hard to track (Rama. II,85.4) 


as: 


HAT TACIT AEST BAT | 
Tees yet eal TSA! xcs: || Rama. 11,85.4 || 





Knowledge of water falls (II,94.13) and descent of a river (II,103.25) is described as below: 
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cemardeatettarreed xpfead | 
wafer ve: cae sa feu:|| Rama. I,94.13 || 





aal Heart? Vat wer Gfarm || Rama. IL,103.24 11 


sia erawanae def raraecag | 
Rages wo dd vee wateaft || Rama.II,103.25 11 





How after melting of snow, a mountainous topography becomes charming is spoken of thus — 
feet waa arwearaxqy (Ramayana II, 7.15). The author of the epic has also marked “river 
erosion on non-resistant or soft steep river bank (II,63.46; V,34.19; VII,14.18) as: 


we 4g Wiese ARageal yet || Rama.I1,63.46 || 
facd exh A Gre qdhaget yer wa: || Rama.,V,34.19 || 
Grata a dat yet: Her sd oes S1) Rama.,VIL14.18 11 


In the verse VII, 23.42 of the Ramayana, we read about the erosive action of the downpour of 


rain on mountains. viz. 


UabraganyscdaHsy: Yarent: | 
arated 4 deere ga Feria || Rama., VII, 23.42 || 


The Mahabharata divides the Himalayan mountains into three regions. It mentions large tracts 
of desert several times (I, 70.2). In certain context the word 4elmes is used. Most probably it 


indicates the land form which now-a-days is called delta. 


Ub Valetta: eqferorarstantract: | 


U RIAN Fees VARTaT || M.B.,1,70.2 || 





Talpewalrqud amyeocdcaa daa || M.B.,170.17 11 
In Panini’s Astadhyayi (600-700 BC), we come across several important geomorphological 


patterns. The grammarian calls a river moving and breaking its banks as fa and that whose 


water overflows the banks as s¢eq (II,1.15). Glacier is named fear (IV,1.49) as: 
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saw adeaysrerRvaaasageraaragye || Astadhya.,[V,1.49 || 


Topography and geomorphology have been discussed very well in the Arthasastra by Kautilya 
(4 century BC) during the Mauryan period. Various types of lands such as “forests, villages, 
waterfalls, level plains and uneven ground”, stretching between the Himalayas and ocean 
(Arthasastra, Trans. by Shamshastri P.404) have been mentioned there. At various places he 
speaks of fertile, infertile, cultivable, uncultivable and waste land, which reveals that he must 


have possessed good knowledge of the science of soil also at that time. 


The Vayu Purana refers to various types of topography namely lakes, dales, barren tracks 


(Chapter 38), rocky through between mountains @rdath) (38.36). 





ofaarat fer cen Braearforaeer: | 
aaa UC ATg aera: || Vayu.,38.36 11 





The chapter 38 of Vayu Purana also speaks about the large number of hot springs in a 


mountainous region (38.78). 


dat sada ait fearqcda: | 
VTeaHeIR Tear wary al) Vayu.,38.78 1 





In the Markandeya Purana (53.21-22), we come across a peculiar type of topography found “in 


the Kimpurusaversa and seven other countries” where water bubbles up from the ground as: 


Faery a avy wet Uae: | 
veoh a eat tazate fata: yar: || Markandeya P.53.21 || 





a fe gesrar astoasel fected: | 
ayfersony drat qd ata ard)! Markandeya P.53.22 || 





The Vishnu Purana (II,5.3) classifies the soils of sub-terranean region in seven categories viz. 
(1) black, (2) white or yellowish, (3) blue or red, (4) yellow, (5) gravelly, (6) hilly or boulder and 
(7) golden hued, as: 





Beano: Gea: eepxt: erHrsaer: | 
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wear wa Fay agrreaesat || Vishnu.,I1,5.3 || 


The Vrhatsetrasamsa (6-7 century AD) (Tripathi, 1969) has many scientific and mathematical 
enumerations conforming to some hydrographical or hydrological laws. Anguttaranikaya (before 


400 B.C.) classifies lakes into four categories (part I, page 105, Tripathi, 1969). 


Epilogue 

From the above discussions, we see that in ancient India, the knowledge of streamflow and 
geomorphology was well developed on scientific lines. A number of hydraulic structures were 
constructed during that time for irrigation and domestic purposes. The techniques of knowing 
slope of an area by means of a flowing river and dimensions of river at various stages along with 
velocity were developed. That the mountainous rivers are generally perennial and deposition of 
fertile soil takes place periodically on flood plains was understood which is in accordance to the 
modern experiences. The arrangement of sluice gates was also made in the dams for flood 
protection purposes. Various types of topographies such as springs, water falls, mountainous, 
plateau, eroded land etc. along with many geographical terms such as fret, gf, ear, Gd were 
used. Land classification such as fertile, infertile, cultivable, waste land etc. and soil 
classifications, such as black, yellow, red, gravelly, boulders etc. was well in vogue before am 
century B.C. These are in vogue even at present and hence, can be regarded as the important 


achievement of the ancient Indians in this field. 
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Chapter-6 
GROUND WATER 





Groundwater development and utilization has been of great interest from ancient times in arid 
and semi arid regions of Asia where the activities of man were controlled by the occurrence of 
water. From the dawn of history until comparatively recent times the source of water of the 
springs and streams had constituted a puzzling problem and had been the subject of much 
speculation and controversy. Mohenjo-Daro was a major urban center of the Indus civilization 
during the early Bronze Age (around 2450 BC). Recently, Angelakis and Zheng (2015) found 
that the city was receiving water from at least 700 wells. The design of these wells was varying 
from circular to pipal leaf shaped (Khan, 2014). Figure 6.1 shows the wells constructed in about 


2600 BC, discovered at Lothal, an important Harappan site. 





Figure 6.1: Wells discovered at Lothal, 2600 BC 
(Source: https://rainwaterharvesting.files. wordpress.com) 


The ancient western science of groundwater, which generally assumed that the water discharged 
by the springs could not be derived from the rainfall, was based on their belief that: (i) the rainfall 
was inadequate in quantity and (ii) the earth was too impervious to permit penetration of the 
rainwater far below the surface. In contrast to above wild theories, the ancient Indian literature 


contains the very valuable and advanced scientific discourse on ground water. 


In Rig Veda, Sam Veda and Yajur Veda we get concepts of hydrological cycle and water use 
through wells etc., which clearly imply the use of groundwater. In the area of groundwater 
renowned astronomer, astrologer and mathematician, Warahmihira (AD. 505-587), author of 


69 


Vrhat Samhita, which is esteemed for its learning of many important branches of knowledge, in 
the 54" chapter entitled ‘Dakargalam’, deals with ground water exploration and exploitation with 
various surface features, that are used as hydrologic indicators to locate sources of ground water, 
at depths varying from 2.29 m to as much as 171.45 m (Prasad, 1980). The hydrologic indicators, 
described in this ancient Sanskrit work, include various plant species, their morphologic and 
physiographic features, termite mounds, geophysical characteristics, soils and rocks. All these 
indicators are nothing but the conspicuous responses to biological and geological materials in a 
microenvironment, consequential to high relative humidity in a ground water ecosystem, 
developed in an arid or semi arid region. Variation in the height of water table with place, hot 
and cold springs, groundwater utilization by means of wells, well construction methods and 


equipment are fully described in the Dakargalam (Jain et al., 2007). 


The treatise on Dakargalam (science of underground water) by Manu is referred to in the Vrhat 
Samhita. By the latest his time must be (400BC-200BC). Varahmihira alludes that 44-1 faxfed 
ga@rtas which clearly indicates Manu’s contribution to this science. This also indicates that the 
science was cultivated in India several centuries before Christ and that it was developed by 
indigenous people altogether independently. Varahmihira has utilized to a greater extent another 
treatise on the science of underground water and water table, written by ‘Saraswat’. Rather the 
farmer (Manu) appears to give a preference to the latter over the Manava Dakargalam (Vrhat 


Samhita, 54.99). 





UR Bal carte Bl He Aeraciee | 
ora: @eaggedeey amd det |/Vr.S.54.99 || 


As far as underground water and water table is concerned as a science, a brief survey of chapter 
54 of the Vrhat Samhita designated as ‘Dakargalam’ is furnished below. Apart from the wider 
term ‘Dakargala’, there are two other technical terms fRT and f&rrfdsi4 used in this chapter 
(Verse 54.1, 54.61-62) viz. 





ay Bee By gerade corte I oreirgerfey: | 
gai aaresy Rrra feral vera Beer | Vr.S.54.1 11 





Fees vata ARI Ga aera: Ue Wasa | 
tra eearnfta yore: rr art || Vr.S.54.62 || 
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The term fr implies arteries of water or streams and the f&rrfdsim exactly conveys the meaning 
of water table. Verse 54.1 above tells us that at some places water table is higher and at others it 
is lower, resembling the veins in the human body. From Verse 54.2 we learn that water table is 


a complex function of rainwater. 





Vast We WA Teed qu TYefarara | 
TARE agatiat ve wet fafagesa | Vr.S.54.2 11 


It means, the water which falls from the sky originally has the same colour and same taste, but 
assumes different colour and taste after coming down on the surface of the earth and after 
percolation. Figure 6.2 shows infiltration and percolation process for an unconfined aquifer 


leading to different zones of groundwater. 






Transpiration 






\ Precipitation Evaporation 
—> from land and - A won pants Soil- 
f } water — acme moisture 


Groundwater 
zone 


Figure 6.2: Unconfined aquifer showing different zones: uppermost soil moisture where 
precipitation infiltrates downward to the water table where all the open 
pore spaces are filled or saturated (Source: UNO, International programs) 


In the later verses of Dakargalam, the modes of occurrence of sub-terrainian water and its depth 
at different places are given. Verse 54.3, 54.4 and 54.55 inform us that the sub-terrainian streams 
are rainfed in all the quarters and also apart from nine arteries, thousands more are present 


flowing to various directions as: 


71 





QOSMIO ISAS SAT: | 





fosicea: sas: Wreararat fee uea:|| VR.S.54.3 || 


fequfexrssr a Prt aast aed Ferrers | 
vara: green fafa: gar aTafA: wfsrar: 1) Wr.8.54.4 11 


Urearereeai ST BHT A_faay GRA Aa | 
aifeen a yar: Rrra get) Vr.S.54.5 11 


Rock or soil structure and depth of water table from the surface of the earth is described correctly 
in various verses. Verse 54.7 describes the various symptoms of occurrence of water along with 


pervious and impervious strata. 


farsa aetgey avg: uegeier ya WaT | 
gevenrd ae Ure wate daa: || Vr.S.54.7 || 


Meaning: on digging we will get yellow frog at a depth of half purusha (1 purusha = height of 


man with erected hand = 7.5 feet) then yellow soil, then rock and then ample amount of water. 


Similarly, many other verses describe some 70 odd field situations or ecological spectra from 
which it would be possible to deduce the presence of underground springs. Actually the 
technique of underground water exploration as described by Varahmihira depends upon a close 
observation of naturally occurring specific signs in the terrain, comprising the flora, fauna, rocks, 
soils and minerals, whose state and variation can be logically or empirically linked up with the 


presence of underground springs in the vicinity. 


One startling factor emphasized in details by Varahamihira is the role of termite knolls as 
indicator of underground water. Apart from the underground water exploration, some of the 
verses of the chapter deal with topics such as digging of wells, their alignment with reference to 
the prevailing winds, dealing with hard refractory stony strata, sharpening and tempering of 
stone-breaking chisels and their heat treatment, treating with herbs of water with objectionable 
taste, smell, protection of banks with timbering and stoning and planting with trees, and such 


other related matters. 
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Some thirty-three verses of the Varahsanhita deal with termite, standing alone by themselves or 
associated with vegetation, thirty with vegetational factors alone and the remaining using other 


factors to help in exploration. 





TERA Uraerer are ada WAR: | 
ceareaferaured alec Gorgas kag 11 Vr.S.54.9 | 





VaTSAT seat goritear afe acrofarect: | 
Brey vat gotrtrenearad: aad! Vr.S.54.12 11 





Meaning: If there is a termite mound nearby to the east of a Jambu tree, plenty of sweet water, 
yielding for a longtime occurs at a depth of two purushas, at a distance of three hastas (cubit) to 
the south of the tree (54.9). Similarly, an Arjuna tree with a termite mound to the north shows 


water at a depth of 3.5 purushas at a distance of 3 hastas to the west. 


The mound builder variety of the termites are responsible for the impressive soil structure called 
“Ant-hills’ in lay terms, but referred to as termite — knolls — mounds — spires, or — prominences 
by the scientists. These are familiar features of most tropical and subtropical landscape and are 
of interest to us in the technique of exploration of underground springs. Without exception, the 
water requirements of the insects are generally very high and they need to protect themselves 
against fatal desiccation by living and working within the climatically sealed environment of 
their nest or within earth-covered galleries. According to Rao et al. (1971) the atmosphere within 
the nest has to be maintained practically at saturation moisture level (99-100% relative 
humidity). It is a matter of common observation that whenever a termite nest or runway 1s 
damaged, the insects immediately rush to the breach and repair it with wet soil brought up from 
within the nest. From an overall consideration of the evidence it seems to be safe to conclude 
that, while normally the insects use every readily available near a source of water close to the 
ground surface, under conditions of severe climatic stress, they can and probably do descend to 
the water table, no matter how deep it may be. Hence, a well-developed, active, persistent colony 


of mould-building termites can be taken as an indication of underground springs in the proximity. 


E.G.K. Rao (1979) observed the alignment of the termite knolls in the dry-jungle uplands of 


coastal Mysore as well as the Deccan Plateau area, and testified the verses of Vrhat Samhita 
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relating the same. Following verse of Vrhat Samhita suggests that the author was aware of this 


tendency of mould builders. 





soto vase anrayesd: Rt aay: || Vr.S.54.95 || 


Meaning: If in a line of termite-moulds one is found to be raised up (taller), water vein is to be 


found within it. 


Similarly, Verse 82 says that if a group of five termites are found in a place, and the middle one 
among them is found white, water should be declared in it at a depth of fifty five purushas (i.e. 


7.5’? X55 = 412.5 feet). 


It is a matter of common observation that many times territories are met with in close association 
with trees; and it is quite common sight to see termite mounds completely covered over with 
grass or vegetation. Very close observation is often necessary to detect the termitary. The ancient 
Indian scholar has exploited this association quite extensively in the exploration of underground 


springs as discussed below: 


wgRaga atdt Rreart aRar frat zarar | 
drew art eifesrdt werd a1 | Vr.S.54.87 11 





yoRoaritensrarart waettey | 
aelargrrdiceae: ereagey ae | Vr.S.54.88 || 





Meaning: If Jambu, Trivrt, Maurva, Sisumari, Sariva, Siva, Syama, Varahi, Jyotismati, 
Garudavega, Sukarika, Masaparni, Vyaghra Pada trees and creepers are seen by a termite mound, 


there is water 3 hastas to its north at a depth of 3 purushas”. 


The botanical names of the flora mentioned in the above verses are: Jambu (Eugenia Jambos, 
Engenia Jambolana), Trivrta (Ipomea turpethum), Maurvi (Sanservieraroxburgiana), Sisumari 
(?), Sariva (Hemidesmus indicus), Siva (Several Plants: Cucumis Utilissimus, Terminalia 
Chebula, Emblica officinalis, Cynodon dactylon), Syama (Ichnocarpus fructens — black creeper, 
Krsna Sariva, Datura metal, Agalala rox-burgiana, Panicum coloncum etc.), Sukarika 


(Lyccopodium imbricatum, I. Clovatum), Masaparni (Glycine debitis, G. Labialis). 
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Similarly, various other verses of the chapter 54 of Vraht Samhita are related to the underground 


water exploration with relation to combination of different symptoms, as below: 


at wen was Vat quratsitaar wea | 
aR Rt ufeser gael at tt TRA] Vr.S.54.52 11 


Meaning: if in a grass less place, there is a patch of grass or in a grassy place, there is a grassless 


place, water or treasure is indicated. 





HVCRIPVCHTA AUAIRAM: He TA | 
ura geyaad armed et a ead | Vr.S.54.53 11 





Meaning: a flourishing thorny tree in the midst of non-thorny trees or vice-versa indicates water 


or treasure at a depth of 3 34 Purushas at a distance of 3 hastas to the west”. 


TRI asa FAT at aa aR AeyTCH | 
frecen a Rrr seat arayaret || Vr.S.54.60 11 





Meaning: where there is stream or smoke issuing from the ground, an abundant water vein will 
be struck at a depth of 2 Purushes. Varahamihira has also discussed the occurrence of 
underground water in the desert region. He further says that sub-terraineon streams or water table 
in the desert region takes the shape of the neck of a camel and is at a great depth from the surface 


of the earth as: 


Fees vata PRI Ba aera: UY Wasa | 
Ta aera yore: Rrr aft) | Vr.S.54.62 || 


Geological strata scheme of the modern artesian well fully corroborates this. 


In the Verse 102 of the Vrhat Samhita , it is described how water occurs in a mountainous region. 





fasftaet at Heart at wart ART Yous: | 
errata deena ot. GeusaA: || Vr.S.54.102 11 
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UAH aH Hors a aka wfter Hae | 
arorgra rat ues ase yal Areragerrary || Vr.S.54.104 11 





Above verse (54.104) explains the relation of soil and water. It says that pebbly and sandy soil of 
copper colour makes water astringent. Brown-coloured soil gives rise to alkaline water, yellowish 


soil makes water briny and in blue soil underground water becomes pure and fresh. 


In Ramayana we come across the knowledge of artesian wells. The verses VI,22.37-38 say that the 
water from deep earth comes out by force continuously through the hole created by arrow of Lord 
Rama as: 

frorfta: eet oat gorerferaao: || Rama., VI,22.36 || 

Tere PETA Maya wardens || Rama., V1,22.37 || 


US IYI Tat HU aT Eta feasyet: | 
wad ahead We wees gad! Rama., VL22.38 || 





It clearly and very scientifically explains the artesian well flowing continuously with force. The 
Vayu Purana also refers to the various underground structures and topography such as lakes, 
barren tracts, dales, rocky rift valley between mountains sari (38.36). The chapter 38 of the 


Purana also speaks of a large number of hot springs in a mountainous region. 


Ter eaarca caf Gee fear Bear: | 
VTeaeHeIR Geer earl al) Vayu.38.78 11 





The Gopath Brahmna was also acquainted with two types of springs or falls, namely hot and 


cold (IL8). 


As mentioned in the previous chapter, in Markandeya Purana we come across a peculiar type of 
topography found in the Kimpurusavarsa and seven other countries where water bubbles up from 


the ground (55.21-22). 


qaeara a avy aa WAHaaT: | 
vbohrerda et vazafe—far: wat! | Markandeya.53.21 || 
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ar feqesran astorsel feces | 
dyfersonty drat Ad ada ard || Markandeya.53.22 || 





The above discussions reveal that chapter 54 of the Vrhat Samhita is a very important treatise on 


ground water exploration. 


Epilogue: 

Discussions and the references presented in the chapter show that there were well developed 
scientific concepts of groundwater occurrence, distribution, prospecting and utilization. It is for 
this reason that the people of Harappan civilization were able to dig the wells and able to utilize 
the groundwater. By means of hydrologic indicators such as physiographic features, termite 
mounds, geophysical characteristics, soils, flora, fauna, rocks and minerals etc., the presence of 
ground water was detected, which is fully scientific. Termite mounds were used as an important 
indicator of the groundwater by the ancient Indians. The presence and variation of these 
indicators have been linked up with the availability of underground springs in modern era too. 
Modern scientists have also established that the moisture within the mounds is kept practically 
at saturation level (99-100%) indicating the presence of underground spring in proximity. Well 
before many centuries of Christ, Indians were aware of underground water bearing structures, 
change in the direction of flow of ground water, high and low water tables at different places, 
hot and cold springs, ground water utilization by means of wells, well construction methods and 
equipment, underground water quality and even the artesian well schemes. This high level of 
knowledge of groundwater in those ancient times was developed by indigenous people of India 


altogether independently. 
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Chapter-7 


WATER QUALITY AND 
WASTE WATER MANAGEMENT 


Throughout the history, the use of water has reflected various experiences and interpretations of 
and values about health, illness and well being. The idea that water reflects a harmony between 
the physical, social and ecological environment can already be found in ancient medicine. As 
long as 4,000 years ago, the Indians were having the knowledge of purifying the water through 
boiling. Latter, Hippocrates was known to use both water filters and boiling to improve water 
quality (UNESCO, IHP, 2011). The modern scientists at one time, used to consider rainwater as 
pure like distilled water. But later studies revealed that it is not so. The water of precipitation is 
characteristically the purest water in the hydrological cycle, but even so it may collect from less 
than | to several hundred milligrams of dissolved material per litre of water during its fall 
through the atmosphere. Rainwater, as it falls to the earth, has ample opportunity to dissolve 
gases from the air and may also dissolve particles of dust or other air borne materials. Thus, rain 
water becomes a mixed electrolyte containing varying amounts of major and minor cations and 
anions. Sodium, potassium, magnesium, calcium, chloride, bicarbonate and sulphate are the 
major constituents. Ammonia and various nitrogen compounds are generally present. Dust 
particles are added locally in industrial areas, large population centres and desert areas. Among 
the land based factors which may be significant in altering the composition of rainwater are the 
sulphur emitted by volcanoes, fumaroles, springs, and dust particles. Rainwater close to the 
ocean commonly contains from 1.0 milligram per litre to several tens of milligrams per litre of 


chloride but the observed concentration generally decreases rapidly in a landward direction. 


In Vedas, we get some references to water quality, especially in Atharv Veda. Charaka Samhita, 
Susruta Samhita (both of pre or early Buddhist era), and Ashtanga Hrdaya Samhita (9" century 
AD) are the repositories of knowledge accumulated on Ayurveda (Science of Life), during the 
earlier period. In all these ancient standard texts, discourses on water quality constitute an 
important aspect of Ayurveda. Bhavamisra’s Bhava Prakash (16 century AD), which is more 
or less a compilation of all the Ayurvedic texts of earlier antiquity, also elaborately deals with 


water quality. 
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In the Rig Veda, the verse V,83.4 speaks about the tree plantation, forest conservation and yajna 
(ast) so as to create pure and healthy environment and good quality of water for well being of 


mankind as: 





0 ae aa vaara fagea sarsentsted fiad ea: | 
su fava} yor oad aegoiey: yedt errata || R.V.,V,83.4 11 





Likewise, verse VII, 50.4 of the Rig Veda also reveals the importance of Yajna (asi) in relation 
to purification of water. In Yajur Veda (1,12), we read about the contamination due to 
combination of substances and about fire as the prime source of purification, by breaking the 
substances into minute particles, i.e. yanja, heat and sun rays are the agents to purify the water. 


VIZ. 





ufas wit derail ufagd wea scyareafesor ufasor eer ePRah: | 
edo sayat setual a sane ust aaa asrofd yer ysotd eayaq| Y.V.112 11 





In Sam Veda (Previous II.187), we read that the Sun rays cause the rain to come in purest form 


like white curd as: 





SHIRA Sa FETA Yd get sires | 
vargere forge || S.V.P,I.187 11 


A verse of Atharv Veda (V, 22.5) directs to take preventive measures against the diseases caused 


by the areas with much grass, high rainfall and bad water quality, viz. 





areal se YoTIAT SHreHT SIT ASTIUT: | 





Maso CATA sofeoy rae || A.V.V,22.5 11 


In the celebrated epic Mahabharata (XII,184.31 and 224.42), we read about the various qualities 
of water according to its taste. Thus, it is clear that during those days efforts were made to specify 


the water quality according to its taste. 


wel aefaer: wrest aefhht: orfSrarcahh: | 
RR aauIRa: Swarr: cee || M.B.XIL184.3 11 
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In the Vrhat Samhita, we find many references to water quality in the 54 chapter named 
“Dakargala”. Verse 54.2 states that ground water should be investigated in relation to its 


environment. 





Vast Gi WA TARY aH TQefasrara | 
AMR Iga a ad Wet fafageawaa i! Vr.S.54.2 11 





UAH AHA Hos emt aR Hfter Hite | 
area cat ures ate way ATeragertar || Wr.S.54.104 11 





Soil colour has been described as an indicator of water quality in the Vrhat Samhita (54.104). It 
says that “pebbly and sandy soil containing copper makes water astringent (¥en). Brown- 
coloured soil gives rise to alkaline water, pale white soil to salt water and blue coloured soil 
makes water pure and sweet”. A water treatment method was also suggested to improve the 


quality of drinking water as: 





SOPRA: WTS: | 





adoperaygadarn: ay werd: || Vr.S.54.121 11 





ogi oe cant fared ufo ufe apres wade | 
det Tae BR BET waa Yat! | Vr.S.54.122 || 


The above verses say that a mixture of Anjanam (collyrium, autimony or extract of ammonium), 
Musta tubers (Nagarmodha), Usira (Khas), Powder of Rajkosataka (Torayi), and Amalaka 
(side), combined with Kataka nuts should be put into a well. If the water is turbid, pungent, 
saltish, of bad taste and not of good odour, it will be rendered clear, tasty, aromatic, and with 
other good qualities. Thus, Varahamihira at that time presented a simple method for obtaining 
potable water from a contaminated source of water. All above plant materials have medicinal 
value and are commonly available in almost all parts of India. In ancient medical texts such as 
Charaka Samhita, Susruta Samhita and Astangahradaya Samhita (by Vagbhata), collectively 
known as Brahattrayi (Great triad), and three other ayurvedic texts Madhavanidanam, 
Sarangadhara Samhita and Bhavaprakasha, collectively known as Laghutrayi (small triad), some 
references to water quality are available. In Bhava Prakash many parts have been incorporated 


from the medical texts of Charaka, Susruta, Vagbhata and the Tantrik texts. The tenth chapter of 
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Bhava Prakash with 86 verses named as Vari Vargah deals with different aspects of water. Here 
some aspects of water quality are presented as given in above text (10" chapter, Vari Vargah 
part) and also analyzed by Prasad (1979). The shloka 2 states the important properties of water 


and its usefulness for the living beings, as: 





UM smeared dotet qorturney careotetiadegaay Maret a || X.2 | 


Meaning: “the water eliminates the fatigue of the body and mind, destroys weakness. It is good 
for heart, gives satisfaction, soft, clear, origin of rasas, and destroyer of vomiting, sleeping 


tendency and constipation”. 


In shloka 3 and 4, the classification and nomenclature of different forms of water have been 


given as: 





ote afi: wed fecd abafe faery) X.3 11 





feai agfde vlad ars peprraa | 
carer a cen 84 ay ak yoreHa|| X.4 || 





Water which rains from sky is called ‘Divyam’ and when it gets collected on the earth or as 
ground water, it is termed as ‘Bhaumam’ by sages. ‘Divyan’ water is divided in four categories: 
‘Dharajalam’ falls as continuous shower from sky, ‘Karakabhavam’ when it falls like the pieces 
of stones, ‘Tausaram’ is free from the smoke etc. and ‘Haimam’ is caused from the snow of 


Himalayas. Among these ‘Dhavajalam’ is better, having full of qualities. 


Similarly, shloka 25 gives classification of Terrestrial water (Bhauma Jalam). 


arraral Prrfecd vert Prfeet get | 


VIS WA Gt: UTR HAT! | X.25 || 





It means, “the Bhaum Jalam is of three varieties viz. Jangalam, Anupam, and Sudharanam. 
Above water divisions are based on the characteristics of the regions which are differentiated 


according to their environmental conditions, as: 
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wee lougera feaeacanteact: | 
aTa Use Cra UT TA | X.26 II 





qergdedera ATA MAMaI aa: | 
ear sf Sat srgG dand wey | X.27 11 








afesed ua eer: ale SIRT: Aa: | 
ARS Use ay MAR MAA! | X.28 | 








urse Ue ve aay ay edger | 





arencpnpeced fdora eed deq!| X.29 || 


ar afte care Ret oF WR | 
PERT J AMX alos wilde AY | 





que Wet Terereaysaawya || X.31 11 


According to the above verses, the country having sparse trees and less water and having bad 
effect of causing pitta and vata disorders are the Jangala region and water originated in this region 
is termed as Jangala water. The region having plenty of water and abundant trees and able to 
cause Vata and Kapha diseases is called Anupam and its water as Anupam water. The regions 
having mixed characteristics of above two types is called Sadharanam region, and its water is 
called Sadharana Jalam. Jangala water is saltish, soft, eliminates Pitta and Kapha, promotes 
digestion, and a good diet in diseases. Anupa water is tasty, oily, viscus, hard, retards digestion, 
promotes Kapha and is a creator of other disorders. Sadharana Jalam is sweet, promotes 
digestion, soft, cool, pleasant and eliminates tridosa (three diseases). Thus, we see here that in 


the study of water, a large number of factors of ecology have also been considered. 


Water Quality Standards 

In the various reference quoted above, at various places, we come across the words such as fagré 
(clear, clean, pure, pellucid, etc.), <434 (clear), fats (blemishless), eq¥ (polluted) and Fae ( 
(unpolluted). 


Shlokas 78-81 describe the characteristics of the contaminated water as: 
food aftict fers gelstarcread?: | 
faaot fare urs Ged 4 fet Tera X.78 1 
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HAY SHA ysrehqunreey: | 
G wos Uae rere: || X.79 1 





sind afte J yaa ceq aa | 
art uRectal Udarsyararrs | | X.80 || 





TU CAATAT TUATAPER SATA | 
oR aeaheepretvsten aa! X.81 || 


According to these verses “waters which are of sticky nature, containing worms and spoilt by 
leaves and mud, of bad colour, thick, of bad smell, are not good for health. Muddy water and 
water covered by lotus leaves, grass etc., un-illuminated by sunlight or moonlight, lacking 
movement, caused by untimely rain or the first rain water which gets collected in the ground, 


such waters are the source of many disorders. Thus, they should be prohibited because the use 





of such waters for drinking and bathing purposes, cause 73, SRAM, Sfvisay, SeqHE, GUY, WVST 
and so on. A critical study of other shlokas also clearly reveals the approach of ancient Indians 


for water quality standard for different uses. 


Variation in the quality of water with seasons, as also from different sources, has been explained 


in shlokas 59-67. 





ord URE da aert a fed wr | 
ead fafedt cra fefereft werent || X.59 11 


cairn: ato aed at fase oer | 
Ted aR aes Targa: favagagaron vardgfYd ga: 11 X.60 11 








aieftia ardRei at pre at urafy waa | 
wd Be aes ARABS WA!| X.61 || 


feat vfraerafse Pr eitcrpereypts: | 
aaa AM Reve crysargey || X.62 || 
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aaftisare Petraes | 
aod wares Fea eit oY WaTaay || X.63 || 





ante weeyqeareanecaae feat 11 X.64 || 


aS aR ator A aa ASTTCTA | 
wre ay da drood fet AHI X.65 11 





We Ho vg: waaay diowqagq 7q| 
onde argiy a oer were || X.67 || 


Meaning: “water belonging to ponds and tanks during the season @4=1 (winter, i.e. November— 
January) are good; during f&rf3X (the cool season, i.e. January—March) also the same waters are 
superior. During #1 (Spring, i.e., March—-May) and #14 (summer, i.e. May-July) the water 
belonging to wells, stepped deep wells and rocky springs are good. During 44-7 and 41 seasons 
waters of rivers should not be used for drinking because during these seasons the river water 
becomes contaminated with the leaves of poisonous trees etc. During rainy season aubhida water 
(ground water of artesian character) or antariksha water (the atmospheric precipitation) are good. 
During &R¢ season, waters of the rivers and waters, illuminated by the sun during day time and 
by the moon during nights, called amsudakam, are good. Ansudak water is destroyer of the 
Tridosa, not causing abhisyanda and is free from bad qualities. It is equal to akasodakam, good 
for brain, soft and cool. During 2IX%¢ season after the rise of star Agastya in the sky all waters 
become pure. Vriddha Susruta said that during the month of Pusya waters from lakes or ponds, 
during Magha waters from tanks, during Phalguna waters from wells, during Chaitra Chaunjya 
(valley stream water), during Vaisakha Nairjhara water etc., during the months of Jyestha the 
water of artesian character, Asadha the well water and in Kartika and Margasira all kinds of 


waters are good”. 


Factors affecting water quality 

As seen from above shlokas of Bhava Prakash, we can identify some factors affecting the quality 
of water. 84 oct i.e. glacial water 44 ery i.e. ground water, Wea Ue (river water), sitahte 
wey (ground water flowing with artesian character), fasix (water fall water), ast oat pond 
Water), 19 uct (wells water), dtooy uct (i.e. valley stream water, Shloka 65) and their qualities 


have been described in Bhava Prakasha in details, indicating the knowledge of the effect of 
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geographic condition on the quality of water. These conditions are related to the differences in 
the earth as 3qU, UlTet and UeReT regions as described before in shlokas 26-27-28. The effect of 


agricultural soil on water quality (ar we, Shloka 57) is also described. viz. 





mar: aaqieas Hay astral TATA | 
mar area ayy ye alee || X.57 || 


It also describes the effect of decaying vegetation on water quality. Also the effect of stagnation 
and lack of the penetration of sun light in water, on the water quality have been discussed 
(Shlokas 78 to 81). These verses show that the modern water quality related concepts were well 


known during ancient times in India. 


The knowledge of the hardness of water has been described in many shlokas (7,19,21,24,29 and 
43) quoting the properties of various waters according to origin as: 


aa Frersesahiezaat oy | 
Pe wa soe ado sole vats || X.7 || 





eros viet wat fazic Te a Ree | 





qo Blt Us fUetecHtardae || X.19 11 


Here, G4 (Saumayam) means soft and sa (ruksam) or @rs%r (darunam) means hard water. 


Diseases in relation to water have been described. This is clear from the verses X.27-31, X.78- 
81 and some other verses. This discourse on water quality and related subjects is quite scientific 


and shows broad outlook of ancient Indians. 


Water Treatment 
Shlokas 5 and 6 suggest collection of water in golden, silver, copper and glass vessels or earthen 


pots, after filtrating from cloth. It reveals the attention paid to get clear water. 





Gast wordt aa weed orafaftd | 
aro Fay ae writ amerqert || X.6 || 
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In shloka 82, we are told that water treatment for drinking purpose should be done by heating or 
boiling and filtration. Shloka 83 reveals the treatment of water with the aid of heated sand, stones 


etc. and aromatic materials viz. 





fifed aft urite gated eetarite | 
gat vot cites reer Rreparafa || X.82 11 


wet rare, Frater aera Urls aaa | 
aoe parurceartegakry || X.83 | 








gra wravceata qaorgarsicy | 
eS HrHyas: Ye CTearvatstas || X.84 || 





widget fraatiryrartastact: | 
Wat a ae Halagueredy || X.85 || 


Meaning: “contaminated water can be purified by boiling, by exposure to the sun’s ray or by 
quenching with fire heated gold, silver, iron, stone or sand and flavouring it with the smell of 
Camphor, jati (Chameli; Jasminum grandiflorum), Punnaga (Nogkesar; Calophyllum 
inophllum), Patala (Padhar; cocsalpinia banducella) etc. and then filtration through clean cloth 
makes water free from small germs. Purifying it with gold, pearl, etc. also makes it free from 
pollution. Water should be made free from leaves, roots, stalks of lotus leaves, gold, pearls, cloth 
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etc. 


From above treatment procedure we gather that the positive effects of intense sunlight, heating, 
filtration, aeration and addition of aromatic components are clearly revealed in the treatise. The 
bad effects of stagnation of water, contamination of water by leaves, algae etc. are also described. 
The treatment methods given need no costly inputs and no desirable qualities of water will be 


changed, which is a measure drawback of the modern chemical methods of water treatment. 


Wastewater Management Techniques 
Lack of sanitation affects human development to the same or even greater extent as the lack of 
clean water. While there may be an added stigma to discussing waste treatment, sanitation is 


widely perceived as meriting a significant claim on financial and political resources as well on 
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the evolution of mankind. According to Victor Hugo (1892), ‘The history of men is reflected in 
the history of sewers’. This proverb adequately indicates about the importance of sanitation and 


wastewater management. 


The term sanitation is primarily used to characterize the safe/sound handling and disposal of 
human excreta as well as other waste products (Avvannavar and Mani, 2008). It is well known 
that the relationship between humans, water and sanitation has seen substantial changes, due to 
the influence of cultural, social and religious factors throughout the ages (Sorcinelli, 1998; 
Wolfe, 1999; De Feo and Napoli, 2007; Avvannavar and Mani, 2008; Lofrano and Brown, 2010). 
However, all through the ages, wastewater has been considered filthy (Maneglier, 1994; Lofrano 
and Brown, 2010). The process of evolution of wastewater management through the ages has 
been discussed by several authors worldwide such as Tarr (1985), Maneglier (1994), Sorcinelli 
(1998), Viale (2000), Sori (2001), and Neri Serneri (2007). More recently, Lofrano and Brown 
(2010) have presented an in-depth review of wastewater management in the history of mankind. 
In this review work they have categorically discussed about the evolution of sanitation through 


different civilizations of the world, including the ancient Indus civilization. 


It would be appropriate to mention Kenoyer (1997) about the new heights of the Indus 
civilization, ‘that many of the technologies first developed in the Indus cities provided the 
foundation for later technologies used in South Asia and other regions of the Old World’. 
Wastewater management and sanitation were the major characteristics of the first urban sites of 
the Harappan civilisation (Kenoyer, 1991). Adding to this, Lofrano and Brown (2010) found on 
records that ‘the Indus civilization was the first to have proper wastewater treatment systems’ in 
the ancient times. Sewage and drainage were composed of complex networks, especially in 
Mohenjo-Daro and Harappa. Latrines, soak-pits, cesspools, pipes and channels were the main 
elements of wastewater disposal. Figure 7.1 shows drainage and sanitation systems of Mohenjo- 


Daro and Lothal cities of Indus valley civilization. 
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Terracotta Drainpipe 





Figure 7.1: Drainage and sanitation systems of Mohenjo-Daro and Lothal cities of Indus valley 
civilization (after Khan, 2011; Kenoyer, 1998) 


The houses were connected to drainage channels and wastewater was not permitted to flow 
directly to the street sewers without first undergoing some treatment. First, wastewater was 
passed through tapered terra-cotta pipes into a small sump. Solids settled and accumulated in the 
sump, while the liquids overflowed into drainage channels in the street when the sump was about 
75% full (Lofrano and Brown, 2010). The drainage channels could be covered by bricks and cut 
stones, which probably were removed during maintenance and cleaning activities (Wolfe, 1999). 
Further, cesspits were fitted at the junction of the several drains or where a drain was extended 
for a long distance in order to avoid the clogging of the drainage systems (Wright, 2010). Fardin 
et al. (2013) found that almost all the settlements of Mohenjo-Daro were connected to the drain 
network. 

In Jorwe, in present day Maharashtra, it has been demonstrated that the drainage system was 


implemented from 1375-1050 BC (Kirk, 1975; Fardin et al., 2013). Later (around 500 BC), 
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Ujjain’s ‘drainage system included soak-pits built of pottery-ring or pierced pots’ (Kirk, 1975), 
and it has been supposed that ring-wells were used for the disposal of wastewater (Mate, 1969). 
In the 3rd century BC at Taxila, domestic wastewater was canalized out from the houses through 
earthenware drain-pipes into soak-pits (Singh, 2008). During 1‘ century BC, drains were being 
used for sewage disposal in Arikamedu, the southern part of India (Casal, 1949). Further, the 
wastewater systems were improved around 150AD with the use of corbelled drains (Begley, 
1983). Bhardwaj (1997) found that this system was draining water from basins supposed to be a 
part of a textile and dye industry. This was the unique feature associated with this system as 
compared to the rest of ancient India, where the wastewater disposal was implemented for 


domestic effluents only. 


Epilogue 

From the above discussions it can be concluded that during the ancient times, modern concepts 
of water quality, sanitation and waste water management technology were very well known to 
the Indians and were in their advanced stages during the Indus valley civilization and later 
periods. Water classification and viewing its quality in relation to environment satisfies the 
modern concept of ecology. Water quality standards, factors affecting water quality, effect of 
decaying materials on quality of water, lack of aeration in stagnating and deep water bodies etc. 
were known which are in accordance to modern science. Water treatment methods using 
filtration, pots of different materials like earthen, silver, gold etc., quenching with hot stones, sun 
heating, aeration, addition of aromatic compounds etc. were adopted. These methods are 
frequently used even now-a-days and are better than the chemical disinfectants as there is no 
change in the desirable qualities and odours of water. Modern methods of wastewater disposal 
systems based on centralized and decentralized concept as well as methods for wastewater 
treatments during Indus valley civilization were even better than those used in the contemporary 


world. 
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Chapter-8 


WATER RESOURCES UTILIZATION, 
CONSERVATION AND MANAGEMENT 


As in many other parts of the world, civilization in India also flourished around rivers and deltas, 
and rivers remain an enduring symbol of national culture. As has been mentioned earlier, the 
Indus Valley civilization, one of the earliest civilizations, was the world's largest in extent, had 
great and well planned cities with public and private baths, sewerage through underground drains 
built with precisely laid bricks, and an efficient water management system with numerous 
reservoirs and wells. Agriculture was practised on a wide scale, with extensive networks of 
canals for irrigation. Irrigation systems, different types of wells, water storage systems and low 
cost and sustainable water harvesting techniques were developed throughout the region at that 
time (Nair, 2004). The Rig Veda clearly mentions about the life style, social structure, agriculture 
and crops grown by the society at that time. Irrigation channels and kuccha and pucca wells are 
also mentioned in different hymns (R.V. 19.4.2/RX2.9.4) (Bagchi and Bagchi, 1991). 
Agriculture and livestock rearing occupied a prominent role during Jainism and Buddhism period 
and channel irrigation was in vogue (Bagchi and Bagchi, 1991). McClellan III and Dorn (2006) 
state that ‘the Mauryan empire was first and foremost a great hydraulic civilization’. This shows 
the degree of knowledge about efficient utilization of water resources and their conservation for 


the welfare of the society during that time. 


During Mauryan period, raingauges were installed in different parts of the country to have areal 
information of the rainfall and based on the information supplied, the ‘Superintendent of 
Agriculture’ gave directions for sowing the seeds in different parts of the country (Srinivasan, 
1975). Almost all ancient civilizations were confined to the areas of reliable water resources, 
revealing the importance of water for development from very ancient days. During the time of 
Rig Veda, we get many references to water use by means of rivers, wells, ponds etc. for 


agriculture, domestic and other purposes. Verse I, 121.8 of Rig Veda reveals the same fact as: 


oer Helfed sel RY Se GRRTEay alert Sea | 
ek acd aed gerga aRaeafetrataray || R.V.1121.8 
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Similarly verses (1,23.18 and V, 32.2) state that the agriculture can be progressed by use of water 
from wells, ponds etc. wisely and efficiently. The verse (VIII,3.10) of Rig Veda says about the 
construction of artificial canals to irrigate desert areas also, which is possible only by efforts of 


skilled persons (Ribhus/engineer) as: 





UT VySAyoN HeRaeaess Go T wa: | 
we: a oer afear a ast U aoryaswe | R.V.VIL3.10 11 





Scat fees gy ut RreyRefdar | 
am ar q ave: || R.V.VIL5.21 11 


Verses (VIII, 49.6; X64.9) speak about the importance of water for irrigation. The water from 
wells, rivers, rain and from any other sources on the earth should be wisely used as it is a gift of 


nature for well-being of all. 





ola afaerad a Rivad exis ica: || VIIL49.6 11 


aad eR: Rees et asa ag aevtt | 
ea ae: Yatiedt qaacsal AYA stra || X.,64.9 || 





Similar to Rig Veda, Yajur Veda also contains references, directing the man to use rain and river 
water by means of wells, ponds, dams and distribute it to various places having need of water 


for agriculture and other purposes as: 


TE BS a wea AA: Grea a ears a 
qa: QIN FW FAA Acura a ders all Y.V.,16.37 11 


In the Atharva Veda, we have references to drought management through efficient use of 
available water resources and water conservation. It clearly says that the water of river, well etc., 


if used efficiently, will reduce the intensity of drought, viz. 





amt aq aad of uf aod at wart eft a aa fas: || A.V.IL23.1 
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Verses VI, 100.2 and VII,11.1 of the Atharva Veda explains that the learned men bring water to 
desert areas by means of well, pond, canals etc. (VI,100.2). It also stresses that the man should 
think about the drought, flood and like natural calamities in advance and take preventive 


measures accordingly as: 





ag dt ear softer snRics araegacny | 
as ea wee Guaar fasy || A.V.VI,100.2 11 


Verse XII,1.3 of the Atharva Veda explains that those who use rainwater wisely by means of 
river, well, canals etc. for the purposes of navigation, recreation, agriculture etc., prosper all the 


time as: 


aT WAS Vd RRM GIS Hey: Wayg: 
mete forae wecord ar at af: gd ve eergi| A.V.XIL1.31 11 


id sey SHA: My Gg Twa: | 
ao afr am: ay a wg oe) ALV.19.2.1 11 


Meaning: “That one should take proper managerial action to use and conserve the water from 


mountains, wells, rivers and also rainwater for use in drinking, agriculture, industries etc.” 


Similarly, one verse of the Atharva Veda (XX,77.8) directs the king to construct suitable canals 
across mountains to provide water for his subject for agriculture, industry etc. and to facilitate 


navigation between two areas as: 





aml vate goed cauayet Ua Ges TI 
@ aT aa aot aff ye aa worsPeetefora | | A.V.XX,77.8 | 


Water Resources Management 

India has a fascinating and significant ancient tradition of conserving land and water and even 
today, local people follow several such traditional conservation practices. As discussed in the 
beginning of this chapter, out of the agricultural necessity, the science of water management was 
given considerable importance during ancient India. During Mauryan era, the Pynes and Ahars 


(the combined irrigation and water management system) in Magadh region were effective water 
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engineering tools. Ahars were reservoirs with embankments on three sides, built at the end of 
drainage lines such as rivulets or artificial works like Pynes. Pynes were diversion channels led 
off from the river for irrigation purposes and for impounding water in the Ahars. As a 


representation, the Pyne-Ahar system is shown in Figure 8.1. 





Figure 8.1: Ahar Pyne system in Gaya, South Bihar 
(Image courtesy: Hindi Water Portal;https://www.thebetterindia.com/6963/tbi-videos-magadh-jal- 
jamaat-helps-revive-2000-year-old-flood-water-harvesting-systems-in-gaya-bihar/) 


Agricultural planning was common so as to manage the rainfall excess or deficit. It is very well 
elaborated in Arthasastra as: “according to the rainfall (more or less) the superintendent of 
agriculture shall sow the seeds which require either, more or less water’. Kautilya says that “king 
should construct dams, reservoir etc. filled with water either perennial or drawn from some other 
source or he may provide with sites, roads, timber and other necessary things to those who 
construct reservoir of their own accords (Arthasastra, Tras. By Samsastry, Book II, Chapt. 1, 
page. 46). He further says that the king shall exercise his right ownership (aT) with regard to 
fishing, ferrying and trading of vegetables in Reservoirs or lakes (@g3)”. 


During this period, embankments were constructed surrounding the fields to increase the water 


holding capacity. Dams were constructed at strategic points with sluice gates to harness river 
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water with proper regulation facilities. Conduits were also constructed at that time to attain better 
efficiency in irrigation (Bagchi and Bagchi, 1991). Figure 8.2 shows the Sudarsana lake, 
Junagadh constructed during the reign of Chandragupta Maurya, by the provincial governor, the 
Vaisya Pusyagupta; and subsequent improvements involving the addition of conduits during the 
reign of Asoka, by his provincial governor, the Yavana king Tusaspha (Shaw and Sutcliffe, 2010; 
Kielhorn 1905-6, p. 41). 
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Figure 8.2: A view of Sudarsana lake Girnar, Junagadh, Gujarat 
(Source: https://junagadh.gujarat.gov.in/photo-gallery) 


Recently, Sutcliffe and Shaw (2011) explored the Sanchi site (a well-known Buddhist site and a 
UNESCO World Heritage site) in the Betwa river sub-basin (a tributary of Yamuna in Ganga 
basin) in Madhya Pradesh. They found a number of dams equipped with spillways. They found 
that these dams would have been built on the basis of a sound knowledge of the principles of 
water balance. In addition to the design of the reservoirs, the presence of spillways on at least 
two of the larger dams, which would pass floods of about 50 years’ return period, suggests that 
flood protection was also taken into account. The Arthashastra of Kautilya also gives us an 
extensive account of dams and bunds that were built for irrigation during the period of the 
Mauryan Empire. The water supply systems were well managed within the framework of strict 
rules and regulations. Specifically, an organized water pricing system, which is an important part 


of water management, was also developed during this period as evidenced by following lines of 
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Arthasastra: “those who cultivate irrigating by manual labour (eeamafcar4) shall pay 1/5 the 
produce as water rate (S¢aHrrv4); by carrying water on shoulders (P=uraftary) = (water lift 
worked by bullocks), 1/4" of the produce; by water lifts (@rariarsafeara) 1/3" of the produce; 
and by raising water from rivers, lakes, tanks and wells (@f@axradae@rararerch) 1/3 or 1/4 of 


the produce (Arthasastra, Tras. By Samasastry, Book II, Chapt. XXIV page 131)”. 


In Vrhat Samhita, we get a few references regarding the orientation of ponds so as to store and 
conserve water efficiently, plantation types for bank protection and proper sluicing to protect 


reservoir from any possible damage as: 


Orel UPTORTAATEg OPER Ted A ATRATRT 
eociesarata Awal UT weer GRA: | 
at ofeeate Rare GTA 
orrifeaea at ufrad aver fgurearfef: 1) Vr. S. 54.118 11 


Meaning: a pond laid east to west retains water for a long time while one from north to south is 
spoilt invariably by the waves raised by the winds. To render it stable, the walls have to be lined 
with timber or with stone or the like and the adjoining soil strengthened by stamping and 


trampling of elephants, horses etc. 





HEMI eepes: UA: | 
grodeanwninayhdanatatsgaga¢irr || Vr.S.54.119 || 





Meaning: the banks must be shaded by Kakubha Vata,Amra, Plasa, Kadamba, Nicula, Jambu, 
Vetasa, Nipa, Kuravaka, Tala, Asoka, Madhuka and Bakula trees. 


In next verse (Vr.S.54.120), it directs the construction of spillway as: 





aX a tattoraes ord Rrenticarakarts | 
arniked fifdak pur aca da: vighteratery || Vr.S.54.120 | 





Meaning: an outlet for the water has to be made on a side with the passage being laid with stones. 
A panel without apertures has to be fixed in a frame, which is fastened to the earth with mud and 


clay. 
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From this discourse, we can realize that the water management was getting due importance in 
ancient India and even bank protection, spillway etc. and other minor aspects were given due 


consideration. 


In ancient India much attention was also paid to the proper location of artificial tanks. Various 
techniques were applied and equally different materials were utilized for the construction of 
works. It appears that special works for treatise on science of hydrology must have existed in 
south India. The Porumamilla tank inscription of Bhaskara Bhavadura dated A.D. 1369 throws 


an abundant light on the elaborate method of construction of tanks and dams in the south India. 


Constituents of a good tank are well described in ancient literature. According to the Sastra 
(Epigraphia Indica, Vol, PP. 108, Quotes from Hemadri, Verses 37-38, Srinivasan T.M., 1970), 
the following are the 12 essentials of a good tank as: (i) A king endowed with righteousness, 
rich, happy and desirous of the permanent wealth and fame; (ii) Brahmana learned in hydrology 
(Pathas-Sastra); (iii) Ground adorned with hard clay; (iv) A river conveying sweet water (and) 
three Yojanas distance from its source; (v) The hill, parts of which are in contact with tank; (vi) 
Between (these portions of the hill) a dam (built) of a compact-stone wall, not too long but firm; 
(vii) Two extremes (Srimga) pointing away from fruit (giving) land (Phala-Sthira) outside; (vili) 
The bed, extensive and deep; (ix) A quarry containing straight and long stones; (x) The 
neighbouring fields, rich in fruit and level; (xi) A water course (1.e., the sluice) having strong 
eddies on account of the portion of the mountain (adri-sthana); and (xii) A gang of men (skilled 
in the art of its construction). With these 12 essentials, an excellent tank is easily attainable on 


this earth. 


From these points on comparison with the modern, science of water management regarding 
construction of dams and reservoirs, we will find that the technique in those days was just 
comparable to the modern sophisticated engineering, as far as general requirements are 
concerned. Along with these 12 essentials, six faults were also recognized which will reduce the 
usefulness of the reservoir and water conservation will become difficult. These faults (Dosas) 
are as follows (Epigraphia Indica, Vol. XIV,PP.108, Quotes from Hemadri, Verse 39, through 
Srinivasan T.M. (1970) as: 


(i) Water oozing from the dam 


(ii) Saline soil 
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(iii) Situation at the boundary of two kingdoms 
(iv) | Elevation (Kurma) in middle (of the tank) bed 
(v) Scanty supply of water and extensive stretch of land (to be irrigated), and 


(vi) | Scanty ground and excess of water 


Epilogue 

The above discussion brings out that water use by means of wells, ponds, tanks and canals was 
prevalent during the ancient times, along with the efforts to supply water in deserts also. 
Organized water pricing system was prevalent and preventive measures against natural 
calamities such as floods, drought etc. was common. Construction methods and materials of dam 
and ponds, essential site and other requirements of good tanks, bank protection spillways etc. 
were paid sufficient attention. High level of development was achieved in the areas of proper 
location and orientation of tanks, lining of banks, evapotranspiration control, drought 
management, etc. Thus, ancient India was at a high plane of development in the field of 
engineering in irrigation and water conservation. State-of-the-art irrigational facilities were 
established during the ancient times in India for increasing agricultural produce apart from 
improved drinking water supplies for the people. Ancient India was highly progressive in the 
area of water management. Such remarkable development in the absence of scientific 


instruments of the ancient times invokes astonishment and admiration of the readers. 
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Chapter-9 
CONCLUDING REMARKS 


Water is most precious and critical natural resource for survival of all the living beings. It 
hasbeen so intimately linked to our very existence and societal and cultural developments that 
ithas become the source of rich symbolism, traditions, rituals and religious beliefs. Water played 
a pivotal role in shaping the life and living standards of the people of the great civilizations of 
the world. Throughouthistory, our vital relationships to water have led to material testimonials 
of how waterwas used, managed and valued. The first successful efforts to control the flow of 
water were mainly driven by agricultural needs for irrigation purposes. With a more detailed 
understanding of the hydrologic cycle, nature of surface water, ground water and rain water; 
robust and sustainable water management systems were also evolved in all the civilizations that 


prospered for thousands of years. 


Besides the spiritual growth, ancient India also exhibited the growth of science. The Indus Valley 
Civilization, one of the earliest and most developed civilizations, was the world's largest in extent 
and epitomises the level of development of science and societies in proto-historic Indian sub- 
continent. As rightly observed by Jansen (1989), the Indus people were known for their obsession 
with water. They prayed to the rivers everyday and gave them a divine status. Ancient Indian 
literature, dating back from the age of the Vedas, further witnesses this development of sciences 
(including the water science). Numerous references exist in Vedic literature, Arthashastra, 
Puranic sources, VrhatSamhita, Mayuracitraka, Meghmala, Jain, Buddhist and other ancient 
Indian literature which illustrate the status of the knowledge of hydrology and water resources 


in ancient India. 


AS we investigate deeper into hydrologic references in Indian mythology, many fascinating 
dimensions of the early scientific endeavours of mankind emerge. Fortunately, the ancient Indian 
works have been well documented and provide us with pointers to the human history in general, 
and growth of water sciences in India in particular. Number of research works related to water 
science developments in ancient India have been also published by national and international 
research community. While updating this book, an attempt has been made to incorporate a 
number of recent national as well as international research papers and technical book published 
by various national and international institutions. Figures illustrating various concepts, 
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hydrological processes and water engineering techniques have also been included to clarify the 


concepts and help forming clear mental image of the developments. 


What is less known, however, is the rigorous discussion in the Vedic literature and other ancient 
Indian literature on several aspects of hydrologic processes and water resources development 
and management practices as we understand them today. It is high time that we realize and 
question our current systems of water resources utilization and management and acknowledge 
our traditional wisdom and practices and apply them to the modern context. Hence, a comparison 
of hydro-technologies in ancient times to that of the modern times is required. Although to some 
extent, there are differences in the tools and techniques used today and the scale of applications, 
still there are no differences in the fundamental principles used. Even the lifestyle related to the 
hygienic standards of a civilization may not be a recent development. For example, flushing 
toilets equipped with seats resembling present-day toilets and drained by sewers has existed 


during ancient times. 
Finally, in view of our immense traditional knowledge in water science and technology, it is 


important and helpful to study and represent the connection between water and humans more 


deeply as was prevalent in India during ancient times. 
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GLOSSARY OF TERMS 


Albedo: The portion of the total incoming radiation that is reflected back to space 
expressed as a ratio of the reflected to incoming radiation. 

Alkalinity: A term used to represent the content of carbonates, biocarbonates, 
hydroxides and occasionally borates, silicates and phosphates in water 
expressed in ppm (part per million) or mg/lit of equivalent calcium 
carbonate. 

Arid Zone: — Region or climate lacking sufficient moisture for crop production without 
irrigation; upper annual limit of precipitation for cool region is 25 cm and 
for tropical region is 40-50 cm. 

Artesian well: A well penetrating an artesian aquifer. An artesian aquifer is overlain and 
underlain by a confining layer so that water in these aquifers occurs under 
pressure. Boring in this aquifer causes the water to rise due to its own 
pressure. 

Atmosphere: The word atmosphere is taken to refer to the gaseous envelop of any 
heavenly body, and especially that of the earth. 


Boulder: Largest unit in sedimentary rocks. Soils etc. usually bigger than 10 cm in 
size. 
Canal: Artificial water course used for irrigation or inland navigation. 


Capillarity: The rise of soil water by adhesion and surface Tension forces as a 
continous film around soil particles and in the capillary spaces. 

Caverns: Synonymous with cave, though sometimes it implies a cave of large 
dimensions. A cave is the under ground hollow space in the earth’s crust 
which may be entered from the surface. 

Climatology: It is a subdivision of meteorology which deals with the average or normal 
or collective state of the atmosphere over a given area within a specified 
period of time i.e. it studies the sum (total) of all atomospheric infiuences. 
Principally temperature, moisture, wind, pressure and evaporation. 

Cloud: A mass of small water drops or ice crystais formed in the atmosphere due 
to condensation of water vapour at great height above the land. 

Condensation: The physical process of transformation from the vapour to the liqid state. 

Convection: A process of heat transfer within the atmosphere (or within a gas or fluid), 
which involves the movement of the medium itself. 

Dales: Open river valleys. 

Delta: Roughly triangular area of river-transported sediment at the river mouth 
deposited by decreasing velocity of water. The sediment is constituted 
mainly of sand, clay, remains of brackish water organisms, debris of 
plants and animals washed from land. Delta is formed on low lying 
coastlines. 

Desert: Almost barren land having arid hot or cool climate, resulting in sparse 
vegetation. A desert may have a poor grass-land or scrub. 
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Drought: 


Ecology: 


Lack of rainfall so great and long continued as to affect injuriously the 
plant and animal life of a place and to deplete water supplies both for 
domestic purposes and for the operation of power plants. Especially in 
those regions where rainfall is generally sufficient for such purposes. The 
term has different cannotations in various parts of world e.g. In bali a 
period of 6 days without rain is drought. In USA a drought is defined as a 
period of 21 days or more when the rainfall is 30% or less of the average 
for the time and place. In parts of Libya, droughts are recognized only 
after two years without rain. 

Science which deals with interrelations of organisms and _ their 
environment. 


Environment:Sum total of all external conditions influencing the existence or 


Erosion: 


Evaporation: 


development of an organism or a community. 

Wearing away of land surfaces or detachment and movement of soil, rock 
etc. by flowing water, wind, ice, gravity etc. 

The process by which the water is changed from the liquid state to a 
gaseous state below the boiling point through the transfer of heat energy. 


Evapotranspiration: Combined loss of moisture from soil by evaporation and from 


Flood: 


Flood Plain: 


Fog: 


Frigid Zone: 


Frost: 


vegetation by transpiration from a given area in a specified time period. 
The flow of water which causes submergence of land not usually covered 
with water, or an increase in the depth of water on land already partially 
submerged, through a temporary rise in river lake or sea levels. 

The low-lying land that bordrs a river and is subjected to periodic 
flooding. It is camposed of deposits of sediment (alluvium) of variable 
thickness laid down by the flood waters above the rock floor and is 
bounded by low bluffs. 

Droplets of water suspended in the lower layers of the atmosphere 
resulting from the condensation of water vapour around nuclei of floating 
dust or smoke particles. A visibility of less than | Km is the internationally 
recognized definition of fog. 

A general term for Arctic- Antarctic type climates or for areas where the 
surface is snow covered for a large part of the year and where the sub soil 
is permanently frozen. 

A weather condition that occurs when the air temperature is at or below 
OOC. Moisture on the surface of the ground and objects freezes to form an 
icy deposit. 


Geomorphology: The study and interpretation of the origins and development of land 


Glacier: 


forms on the earth’s surface. 

A mass of ice that moves under the influence of gravity along a confined 
course away from its source area. It is formed by the accumulation and 
compaction of snow. which is transformed to firn and ultimately to 
glacier ice. 
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Gravel: 


A deposit of unconsolidated material ranging in size from 2 to 60 mm. 
The particles are usually water worn and hence rounded, and are derived 
from more than one type of rock. 


Ground Water: Water that is contained in the soil and underlying rock. Ground Water 


Humidity: 
Hurricane: 


may be derived from rain water that has percolated down or from water 
that was trapped within the rock during its formation. 

The amount of water vapour present in the atmosphere. 

A wind that has a velocity in excess of 32.7 m per second. It is tropical 
cyclone occurring around the Caribbean Sea and Gulf of Mexico. 


Hydrologic Cycle: The cyclic movement of water between the atmosphere, the land and 


Hydrology: 


Infiltration: 


Insolation: 


Interception: 


Ionosphere: 


Meander: 
Meteorology: 


Mist: 


Monsoon: 


the sea. Water is released into the atmosphere as water vapour through 
evapotranspiration. After condensation within the atmosphere to form 
clouds it returnes to the land and to its water bodies as precipitation. This 
water may runoff the land in rivers streams into lakes and the oceans or 
move under ground as ground water. Water keeps on moving 
continuously among above facets of hydrological cycle. 

The study of water on the earth. Including its chemical and physical 
properties, ocourrence, distribution, and circulation on the surface and 
below the ground surface. 

The seepage of water into the soil. The maximum rate at which rainfall 
can be absorbed by a soil in a given condition is known as infiltration 
capacity. 

The radiant energy that reaches the surface of the earth from the sun. 

The capture of drops of rain by the leaves, branches, and stems of plants. 
The interception of the rainfall by the vegetation cover prevents some of 
its from reaching the ground. 

The part of earth’s atmosphere extending upwards above the stratopause 
from an altitude of about 60 km. 

A pronounced curve or loop in the course of a river channel. 

The scientific study of the atmosphere and the physical processes at work 
within it including pressure wind, temperature, clouds, pressure etc. 

A reduction of visibility within the lower atmosphere to 1-12 km caused 
by condensation producing water droplets within i.e lower layers of the 
atmosphere. 

A large-scale seasonal reversal of winds pressure and rainfall in the 
tropics. The largest and best developed monsoonal area in the world is 
South East-Asia. 


Perennial river: Rivers flowing throughout the year are called perennial rivers. 
Pervious Strata: A rock system through which water can pass freely as a result of joints, 


bedding planes, cracks and fissures in the rock. 


Physiography: The study of the surface forms of a region. The word has changed its 


meaning over the years from covering the whole of physical geography 
including geomorphology. 
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Plateous: An extensive elevated area of relatively flat land. Widespread movements 
of the earth’s crust may result in vertical warping, which produces 
plateaus and rift valleys divided by faults. 

Pore space: The amount of space between the mineral grains of rock, soil or sediment. 

Precipitation: The particles of water or ice that form within clouds and fall towards the 
earth’s surface. 

Rain gauge: An instrument designed to measure rainfall. In its simplest form it consists 
of a funnel fitted into acollecting vessel. Any rain collected in the vessel 
over a set period of time is measured in a specially graduated measuring 
cylinder, an exercise that occurs twice daily at most meteorological 
stations. 

Rain Shadow: An area of low rainfall in the lee of hills or mountain ranges. 

Reservoir: A storage area for water usually a river valley that has been dammed to 
retain water for one or more purposes, such as irrigation, industrial use, 
water supply, hydro-electric power or recreation. 

Rills: Erosion of the soil surface by shallow short-lived channels. These small 
channels are called rills. 

Saline soil: — A group of intra zonal soils that contain high concentrations of salts such 
as common salt. They often occur in semiarid and arid areas where here 
is strong evaporation. 

Semi Arid: The climate of the areas between desert and tropical grassland. The mean 
annual rainfall ranges between 100 mm to 300 mm. 


Sluice: Channel or conduit to drain off surplus water at high velocity or for 
passing debris. Also, to allow a water flow at high velocity for ejecting 
debris. 

Snow: A form of precipitation consisting of crystals of ice. It is produced when 
condenstation takes place at a temperature below freezing point. 

Spillway: An open or closed passage cut in soil or rock. When a dam is full, any 


further incoming water flows over or through the spillway without any 
damage to the structure. 

Stratosphere: The layer of the atmosphere that lies between the tropopause, at an 
average altitude of about 8 km, and the stratopause, at about 50 km. 

Temperate Region: The division of the world based on temperature lying between the 
torrid and frigid zones, and meaning an area where there are no extremes 
of temperature. 

Termite mound: The nest made from mud or plant debris, that, houses a colony of 
termites (Tropical type of ant), 

Topography: The surface features (i.e. land forms) of an area of land or sea bed. 

Tornado: A violently rotating storm in which winds whirl around a small area of 
extremely low pressure. 

Torrid: One of the three divisions of the world based on temperature. It is the zone 
lying between the tropics. 

Troposphere: The lowest layer of the earth'satmosphere. 

Turbudity: |The muddiness of water resulting from suspended sediment. 
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Turbulence: An irregular disturbed flow of fluid e.g. water, air). 

Water falls: A steep cliff like section of a river channel down which water falls 
vertically. 

Water lift: | Any mechanism (generally lever principle) to raise the water from a 
source of lower datum to obtain water for useful purposes. 

Water oozing: Water seeping out of the ground and wetting it without perceptible flow. 

Water Table: The upper surface of the zone of saturated rocks i.e. rocks in which all 
voids are filled with water. 

Water Treatment: Any method used to obtain potable water from a contaminated source 
of water. 

Water uptake: Water ascends upward through the capillarity of soil and root system of 
plants. The utilization of water by plants is termed as water uptake. 

Water Veins: The underground structures throughwhich the water moves through the 
soil. These are passages formed by the interconnections of pore spaces of 
soil. In ancient Indian literature these have been said to be resembling the 
veins in the human body. 
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